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MONOCULAR PERCEPTION OF DISTANCE 


By Mary C. VAN TuyL, University of Michigan 


Studies in monocular perception of distance have centered about the 
relation of accommodation, or of accommodation and convergence, to the 
estimation of the third dimension, and have usually been narrowed to the 
estimation of relative rather than absolute depth. Baird summarized the in- 
vestigations up to 1903 when he added his contribution to the subject. 
All of these investigations, with the exception of Bourdon? and including 
Baird, were positive in their results: that is, it was unmistakably possible 
for one eye under the different experimental conditions and within limits 
to perceive the relative distance of the experimental objects. The interpreta- 
tion of the results differed, however; all except Hillebrand,? and Dixon,‘ 
insisting that accommodation, or accommodation and convergence, were 
definite muscular factors responsible for the estimation of distance. Hille- 
brand went further than the muscular movement for his basis and described, 
as the effective factor, a “conscious impulse of will innervating the ac- 
curate adjustment of accommodation.” Dixon verified Hillebrand’s re- 
sults, on Hillebrand’s apparatus, but disagreed with his conclusions, say- 
ing, “It would seem that the actual criterion was . . . a difference in 
the rapidity or ease with which the accommodation adjusted itself (or 


* Accepted for publication March 11, 1936. The author expresses her sincere 
appreciation to Professor John J. Shepard for his direction of the investigation, to 
Professor Burton D. Thuma for suggestions and advice, and to Professor Walter B. 


Pillsbury for codperation. 
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was adjusted by the observer) and not in any conscious direction of ac- 
commodation by the observer.” 

Nowhere in English is there mention of the investigations of Giering,® 
Ascher,® Peter,’ and Bappert,® which came later. These investigations, 
like Bourdon’s, were negative in their results. Therefore, practically all 
that is presented in English, excepting Baird’s brief mention of Bourdon’s 
work, takes for granted the definiteness of effect of accommodation, or 
of accommodation and convergence combined, in the monocular percep- 

_tion of distance, under experimental conditions which have sought to 
eliminate at least the influence of size and intensity in the experimental 
objects. 

The present investigation started from these results to seek an explana- 
tion or a reconciliation of such opposition, or, if possible, with better 
methods and apparatus to prove the one or the other side justified in its 
position. 

The table which is usually reproduced as indicative of Wundt’s general results 
in respect to monocular perception of distance, with threads as fixation objects, pre- 
sents definite limens of approach and recession which decrease directly with de- 
crease in distance of the object from the eye.’ Nowhere is attention called to the 
fact that this table, the only table given by Wundt, represents one observational 
series only, of one subject whom Wundt describes as “having a somewhat far- 
sighted eye, of limited range of accommodation, and whose far-point and near-point 
were, respectively, 250 and 40 cm. from the eye.” This sort of datum was the 
basis of Wundt’s conclusions. Wundt’s work. stood unchallenged for nearly four 
decades and still forms the basis for many of the statements which appear to the 
present day. 

Hillebrand published, in 1894, his criticism of Wundt’s procedure, results, and 
conclusions and proceeded after extended theoretical discussion to a different sort of 
attack upon the problem. Arrer published (1896) an extensive piece of work done 
under Wundt’s direction in which he substantiated Wundt’s procedure, results, etc., 
and repeated parts of Hillebrand’s work.” The following year Hillebrand pub- 
lished a lengthy review of the whole problem with renewed criticism of the other 
investigations and further justification of his own conclusions.” 


* H. Giering, Das Augenmass bei Schulkindern, Zsch. f. Psychol., 39, 1905, 42-83. 

°K. Ascher, Zur Frage nach den Einfliisse von Akkommodation und Konvergenz 
auf die Tiefenlokalization und die scheinbare Grosse der Sehdinge, Zsch. f. Biol., 
62, 1913, 508-535. 

*R. Peter, Untersuchungen iiber die Beziehung zwischen primaren und secundaren 
Factoren der Tiefenwahrnehmung, Arch, f. d. ges. Psychol., 34, 1915, 515-564. 

® Jakob Bappert, Neue Untersuchungen zum Problem des Verhiltnisses von Akkom- 
modation und Konvergenz zur Wahrnehmung der Tiefe, Zsch. f. Psychol., 90, 1922, 
167-203. 

*W. Wundt, Beitrige zur Theorie der Sinneswahrnehmung, III, Zsch. f. Rat. 
Med., 3, 1859, 330. 

” M. Arrer, Uber die Bedeutung der Konvergenz und Akkommodationsbewegungen 
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In the face of Wundt’s and Arrer’s criticisms of Hillebrand’s apparatus, Baird 
(1903) chose to use that apparatus in his attack upon the problem. So certain was 
he of the important character of his contribution that he says, “If our results are, 
as we believe they are, decisive, they furnish yet another instance of the celerity and 
certainty with which the experimental method can deal with disputes of long 
standing.”” This work, with Dixon's, forms the main experimental contribution 
to the problem written in English. In this country at least, although criticized 
in minor respects, it is apparently undisputed in its general conclusion. 

The Hillebrand apparatus, used also by Dixon and by Arrer, had consisted 
essentially of a pair of vertical black screens mounted upon a movable horizontal 
frame. This frame was pivoted upon a table and was so constructed that movement 
in the horizontal direction brought into view first the edge of one screen and 
then the edge of the other. The edge when visible was in the direct line of sight 
of the subject and stood out sharply against a lighted opal glass background. The 
field of view was therefore a circular area limited by a diaphragm in the end of an 
observation tube and appearing as a half-black, half-white field. The black was 
screen, the white was background. Successive exposures alternated the black-white 
relations. The sharp delimiting line of division (i.e. the screen edge) was designed 
to be the fixation-point. In his use of the Hillebrand apparatus Dixon had so con- 
structed the frame that the mounted screens always came from one side. The relative 
position of black-white areas remained the same, therefore, in succeeding exposures. 
Baird, however, retained Hillebrand’s original construction in this respect. In 
order to remove the objection of the influence of irradiation and contrast in the 
visual field in Hillebrand’s apparatus, Baird reduced the illumination slightly. As 
to the other main objection, that a mathematical line affords no adequate fixation- 
object, Baird simply states that no one of his numerous visitors ever failed to see 
the screen edge as a clear-cut, well defined line perfectly possible of fixation.” 
Certain refinements were added to the original Hillebrand apparatus, but these were 
in nonessential details. 

Swenson™ and Carr™ have criticised Baird’s investigation in detailed manner and 
justifiably, on the same grounds. They both accept, however his main conclusion in 
respect to the positive effect of sensations of accommodation in monocular depth- 
perception, and in their contributions they both continue the succession begun by 
Wundt. They are both, however, in error in classing Hillebrand within that suc- 
cession, and in describing his approach and his conclusions in the general terms 
of that succession. Baird’s historical summary makes Hillebrand’s position perfectly 
clear. 

Those investigations which presented essentially negative results on muscular 
factors need to be considered more in detail, with the possible exception of Bourdon’s, 
whose work is well known. Bourdon described various procedures, some with points 
of light, others with luminous circles, etc. His results were largely negative. He 
explained them by other factors than accommodation and convergence. He ques- 
tioned whether there is any sensation of accommodation, and whether the sensa- 
tion vaguely painful in considerable accommodation may not be a sensation of con- 


” Baird, op. cit. 
* Baird, op. cit., p. 171; also see footnote below. 
™%H, Swenson, The relative influence of accommodation and convergence in the 
judgment of distance, J]. Gen. Psychol., 7, 1932, 360-378. 
H. Carr, An Introduction to Space Perception, 1935. 
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vergence which comes in by reason of the close association existing between the 
two. Moreover, he called attention to the fact, that, while convergence is very delicate 
in binocular vision, in monocular, for two reasons, it is only confusing: first, con- 
vergence cannot give more precise indication than accommodation, which guides 
it, and, secondly, convergence does not exactly follow accommodation. From two 
comparative experiments in monocular vision, where, in the one case, the head 
was allowed to move, and, in the other, it was held rigid, he decided from the 
positive results of the first case, that the principal aid in getting monocular depth is 
from this sort of monocular parallax. 

Giering used 6 yr.-old and 14 yr.-old boys and girls as Ss in order to get wide 

-and_easy ranges of accommodation, and also on the ground that in adults the sig- 
nificance of ‘muscle sensations’ might have receded in importance as against other 
criteria. His preliminary procedure made sure that the children were able to make 
accurate depth-discrimination of his stimulus-objects under ordinary conditions. For 
the main research he used a simple apparatus which allowed simultaneous and 
successive exposures of vertically placed rods of different sizes. His sizes and dis- 
tances were 4-, 5-, and 6-mm. diameters at, respectively, 80, 100, and 120 cm. His 
results are separated for age and for sex but present no significant differences. His 
conclusion is that, from his results at least, accommodation and convergence sensa- 
tions cannot be assigned any real significance for depth-perception in monocular vi- 
sion, unless it be in some cases by that indirect means which Hillebrand had de- 
scribed. 

Ascher describes a monocular study on the influence of accommodation and con- 
vergence upon depth-localization and upon estimates of size. He used 7 Ss, in a 
limited number of trials. Several of the subjects were myopic, with myopia rang- 
ing from 2 D. to 6 D. All of these individuals wore correcting glasses. Three sub- 
jects only were emmetropic, while two were described as in early presbyopic condi- 
tion. The stimulus objects were isosceles triangles with an opal-glass surface 
mounted in front of an electrically lighted lantern. The distances used ranged from 
20 to 200 cm. and the diameters of the lighted surfaces ranged correspondingly 
from 4 to 40 mm. Ascher’s conclusions were; “In these researches the apparent 
size depends merely upon the size of the retinal image, and differences in distance of 
the comparative object which require a change of accommodation up to 34 D. 
are entirely without influence upon estimation of size. It may be, however, that in 
increased approach of the object there may be some kind of empirical cue of depth 
localization effective which depends upon the absolute distance of the object. What 
it is and in particular whether it is unavoidably involved in the procedure must 
in any case await further investigation.” 

Rudolf Peter selected two opposing factors, the visual angle and accommodation. 
In part of his procedure he set these in opposition and in other parts made them 
supplementary and tried to obtain quantitative measures of the results. The pro- 
cedure is monocular throughout, and in certain respects is more carefully controlled 
than any used before. Careful provision was made for rigid head-position, for a 
timed exposure, for exact position of object lights and for accurate size and in- 
tensity control. In his results, limited as they are to two subjects, and with in- 
sufficient numbers of trials, Peter found that the secondary factor of the visual angle 


* Ascher, op. cit., 535. 
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prevailed over what he called the primary factor of accommodation in practically 
every case. The distances used ranged from 30 to 230 cm. Light boxes furnished 
the stimulus objects and were provided with diaphragm openings with adjustable 
diameters. 

Bappert checked all of the previous techniques except that of Wundt’s with 
threads, a procedure which involved too many sources of error. He eventually dis- 
carded them all, as unsuited to the problem, except a modification of the light-box 
used by Peter. To each of the procedures he added the use of a frame into which 
he could insert a lens in front of the observing eye, and of a mirror so placed that 
the movements of the.unused eye could be observed. He used some care in excluding 
reflection and noise although success in the latter was questionable since the noise, 
e.g. that which occurred as a result of moving the screens of the Hillebrand appara- 
tus, was covered by a “counter noise made by continually scraping the feet.” 

Certain observations which Bappert made in the use of the Hillebrand apparatus 
are of more importance than his data. The latter are insignificant on account of 
the small number of trials and the sorts of eyes used. No indication is given of the 
degree of myopia in two of his four Ss nor of their ages. Bappert’s Ss (contrary to 
Baird and Hillebrand) had difficulty in getting a sharp line for fixation. Bappert 
also confirmed Arrer’s criticism that the visual field was experienced in different ways 
by different subjects, i.e. it might be seen as a single circular black-white disc or as 
two immediately contiguous semi-circular discs which moved back and forth, or the 
black half-disc might be viewed as a curtain (“Vorhang’”’) which was suspended at 
different distances in front of a white background. Bappert in no place mentioned 
Baird’s or Dixon’s work although he must have been familiar at least with Giering’s 
discussion of Baird.” All of these criticisms apply just as much to Baird’s and 
Dixon’s apparatus as to Hillebrand’s since their changes were largely in other re- 
spects. On the other hand, Bappert™ did not fully sustain Arrer’s contention that 
fixation of either edge was impossible since their initial localization was indefinite.” 

Mention should be made of a piece of work reported by Israel which was done at 
the Psychological Laboratory of Ohio State University under the supervision of A. P. 
Weiss.” The purpose of the investigation was to compare, at four low illuminations, . 
the degree of accuracy, practice effect, and fatigue, in accommodation and convergence, 
in the discrimination of relative distances. A simple apparatus provided a mounting for 
two white beads about 6 mm. in diam., one of which remained at ‘a standard dis- 
tance of 75 cm., while the other could be moved about 10 cm. in either direction 
by means of a knob at S’s hand. S’s task was to set the adjustable bead at the 
same distance as the standard bead. The horizontal distance between the beads was 
15 cm. Size and brightness were said to be ruled out by making one bead smaller 


™ Giering (op. cit., 78) called attention to one misunderstanding of Hillebrand’s 
procedure in Baird’s good summary of Hillebrand’s work. Baird (op. cit., 192) 
criticised Hillebrand’s technique in moving the screen before the shutter was opened 
for the observing S. What Hillebrand says (Zsch. f. Psychol., 7, 1894, 118) is that 
often the screen had moved 20 cm. before S$ noticed any movement, which is pre- 
cisely what occurs in Baird’s results, although not to the same extent. Such an error 
is easily understood. 

op. cit., 174. 

® Cf. footnote 27 below. 

” H. Israel, Accommodation and convergence under low illumination, J. Exper. 
Psychol., 6, 1923, 223-233. 


i 
id 


520 VAN TUYL 


than the other, and by removing the gloss from one bead. It is said that S’s attention 
was directed to these facts in order that his judgment might not be based on size 
or brightness differences. There was no control of head movement. Israel assumed 
that shielding one eye automatically eliminated convergence. No account was taken 
of binocular disparity and the results for the two eyes were considered as a function 
of the effectiveness of convergence and accommodation while that of one eye alone 
was considered as a function of the effectiveness of accommodation. 

Swenson’s work also had as its purpose a comparison of the factors of accommo- 
dation and convergence. The apparatus used was a modified form of angle-tubed 
stereoscope designed and constructed by H. Carr. The fixation-object was the com- 

“Bitred-image of two exactly similar lighted opal-glass screens. These screens were 
movable, and were intended to provide for alterations in accommodation while the 
visual angle and the intensity were held constant. Movement of the tubes also pro- 
vided for alteration of convergence independently of accommodation. S indicated the 
position of the combined image by moving a concealed pointer on a rod which pro- 
jected straight back from the apparatus along the line of vision. 

Swenson secured results for three distances; 25, 30, and 40 cm.; first, for normal 
combinations, and secondly, for the six possible dissociated combinations of accom- 
modation (A) and convergence (C) for these distances. Highly accurate estimates 
were made under the normal conditions of A and C combined. The estimates in 
the group-averages were always less than 1 cm. from the true distance, the deviation 
within the group was very small, and the individual sigma values, moreover, are 
given as 1.16 to 2.05 cm. 120 to 240 judgments. The group means for the associated 
combinations were equally consistent within the group. The values for all averages, 
individual as well as group, apparently show two things from which Swenson drew 
his conclusions: (1) without exception, under the dissociated combinations the 
means were located between the position for A and that for C; and (2) without 
exception, the means were nearer in value to the setting for C. Swenson concluded 
from (1) that both A and C. were effective and from (2), after mathematical treat- 
ment of the data, that C was, on the average, three times as effective as A. 

In his treatment of the subject Carr has reviewed Swenson’s work and has given 
two criticisms which must have been raised by Swenson’s procedure; the inade- 
quacy of the opal-glass screen as a fixation-object and the pin-hole size of the eye- 
aperture. The latter objection was met in the repetition of the experiment with a 5/16- 
in. in place of the 1/16-in. aperture. The fact that the results were not changed 
to any significant degree might indicate that with the pin-hole aperture, as clear 
images as were possible with such a diffuse light were obtained without the use 
of accommodation and that with the 5/16-in. aperture only diffuse images could 
be obtained. Accommodation, therefore, was inoperative in both cases. 

A more serious objection to the procedure concerns the 7/16-in. disks within the 
tubes. These disks served to keep constant the size of the visual angle of the 
light-object. They remained, therefore, always at a constant position as the light 
screens were moved back and forth with the intention of changing the accommoda- 
tion. While the Ss were told to fixate the center of the light objects, this rim, 
less than 1/-in. in size, at this constant distance must have influenced the fixation. 
Indeed, in most of the experiments in which light-objects were used (e.g. Bappert) 
care was taken that the rim should afford such a confining region of fixation. 

It is, however, the unpublished data of Mr. Duncan, whose work Carr par- 


bs 


MONOCULAR PERCEPTION OF DISTANCE 521 


tially reports," which throws most doubt upon the results which Swenson secured. 

Duncan’s investigation, using the same apparatus and the same standard distances 
for A and C, was concerned with the effect which differences in size and intensity 
of retinal image might have upon the estimates of distance which the Ss made with 
the concealed pointer. 

Under Swenson’s standard conditions, the Ss’ mean estimates varied less than 
1 cm. in every case from the true distance and, as has been said, the sigma values 
varied from 1.16 to 2.05 cm. In Duncan’s procedure, with variation in size of the 
light object, the Ss’ mean estimates varied as high as 13.64 cm. from the true dis- 
tance. With 3 different intensities of light-object, this variation ran as high as 
15.74 cm. from the true distance. Duncan’s disk of 10-mm. diam. comes nearest in 
size to Swenson’s (about 11 mm.). With this 10-mm. light, the mean estimates 
of Duncan’s Ss varied as much as 9.7 cm. from the true distance, whereas with 
the 11-mm. light the mean estimates of Swenson’s Ss, as has been said before, 
were always less than 1 cm. from the true distance. No sigma values are reported 
for Duncan’s work. 

Such variability as Duncan found in his Ss’ results would have made it impos- 
sible for Swenson to use those results as standard of reference, as he did in his 
own procedure when A and C were dissociated. We cannot assume moreover, that 
the size of disk used and the intensity used in Swenson’s experiment were abso- 
lute or were inspired. Carr says “this close approximation (Swenson’s) is due in 
part to the fact that an appropriate size and intensity of the light was employed.’™ 


Critical summary. The main general criticisms of the previous investi- 
gations may be summarized under the following headings: 


(1) Inadequacy of the fixation-object. The screen edge, used in several investiga- 
tions, was a doubtful fixation-object, on grounds already indicated, particularly when 
the fields of which it was the dividing line alternated black and white as they 
did in all but Dixon’s modification of the apparatus. So far as illuminated opal-glass 
surfaces are concerned it is very doubtful whether they afford any challenge to 
fixation even when the rims confining these surfaces are taken into account. An 
adequate fixation-object must be small enough, at least in one dimension, and sharply — 
enough defined, to produce a readily appreciable difference in size, under conditions 
when it appears in diffusion circles and when it is perfectly clear. Images of objects, 
moreover successively offered at different distances, for the purposes of depth- 
discrimination, must exactly replace each other on the retina, so far as the objective 
situation is concerned. The size, intensity and position in the field of view must be 
rigidly controlled to this end. Directing subjects to disregard size, brightness, etc., 
cannot possibly take the place of such control. 

(2) Means for illuminating the fixation-object. In all the procedures with the 
screen edge, the illumination provided was indirectly from a large opal-glass back- 
ground which reflected the light from lamps at the sides and in front of it. It is 
difficult to see how the two black screens at different distances from the background 


* Carr, op. cit., 261-266. 

* Carr, op. cit., 250. Swenson’s lights show no comparable calibration with Dun- 
can’s. “An intensity of light was so chosen, and kept as constant as possible through- 
out the experiments, that it would be clearly visible yet not too fatiguing to the 
eyes” (Swenson, 371). 
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could be made to appear equally dark. This criticism applies to the rods used by 
Giering and by Bappert as well as to the screen edge. Any sort of illuminated back- 
ground, moreover, unless it be an absolutely textureless surface, introduces a point 
of reference from which the fixation-object may be iocalized. 

(3) Subjects. Few Ss were used in most cases, and either their age and eye 
refraction were not given or, in cases where indicated, they were not suitable for 
testing accommodation, where that was the purpose of the investigation. Wearing 
correcting glasses, moreover, changed the situation markedly. In many cases the Ss 
were graduate students or adults of professorial or doctoral rank, particularly in 
the German studies. This fact insures considerable knowledge of the factors involved. 
In addition to the fact also that many eyes were ametropic, some also were presbyopic 
or approaching presbyopia. 

(4) Procedure. (a) In any case where the head-position was not rigidly controlled, 
the results cannot be trusted, as Bourdon has shown. (b) In some cases results are 
presented on the basis of as low a number as 10 or 12 trials. (c) In almost all cases 
the exposure-time was not controlled. S in many cases was told to close his eyes 
between exposures, to look away, to give a signal, etc. (d) Jn some investigations 
S was informed concerning his errors at the end of a series of trials. 

(5) Approach. (a) We observe a disposition to regard the main problem of the 
investigation of monocular depth as centered about the physiological factors of 
accommodation and convergence, and therefore a problem which must be settled 
absolutely in the negative or in the positive in regard to those factors. 

(b) Experimenters have disregarded diffusion-circles on the’ ground that they 
gave no information concerning relative depth. Hillebrand, it is true, made use of 
diffusion circles in his conclusions but only as secondary to his “conscious impulse 
of will.” Ascher spoke of some kind of empirical cue which might be effective and 
which depended upon the absolute distance of the object, but he evidently did not 
consider diffusion-circles. 

(c) The fact that ciliary muscle is smooth muscle has been overlooked. 


Apparatus. The apparatus used was adapted from Dr. Lloyd S. Wood- 
burne’s arrangement used in study of binocular parallax.2* Extensive 
changes were found to be necessary for a study of monocular depth. The 
apparatus will be described as it was finally assembled. 


The apparatus was constructed upon a steel frame consisting of four steel cross 
arms mounted upon a 2-in. T-iron rigidly supported at each end and placed at a 
height of 104 cm. from the floor. Four pairs of steel hangers (H), two of which 
are shown in Fig. 1, were mounted at proper intervals on the frame to carry a pair 
of brass tracks (J). made of 34-in. brass angle-strip. The possibilities of adjustment 
provided that the tracks should be held always exactly in line, exactly level and 
exactly parallel to each other at a distance of 20 cm. apart throughout the entire 
length of 175 cm. The light box (L) was moved upon these tracks by three brass 
wheels, two of which were in line upon one track, and the third wheel upon the 
outer track, thus forming the points of a right angled triangle. With this carriage 
and gauge of track, it was possible to prevent any variation in the light from a 
constantly vertical position at any point throughout the entire length of the tracks. 


*1L. S. Woodburne, The effect of a constant visual angle upon binocular dis- 
crimination of depth differences, this JOURNAL, 46, 1934, 273-286. 
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The wheels were 34-in. in diam. and were grooved to fit. the triangular tracks 
(Fig. 2, G). 

The slit-mechanism which furnished the light source remained practically the 
same as described and used by Dr. Woodburne and is shown in Fig. 2.* The extremes 
of opening (in our experiment) were from 1.8 cm. x 0.3 mm. to 4.5 cm. x 0.75 mm., 
an increase of 2.5 times; #.e. if the smallest opening was used at a distance of 80 
cm. from S, the largest possible opening would give the same retinal image at 200 cm. 
The light intensity as well as the size remained constant since, with a constant retinal 
image, the amount of light entering the eye remained the same at any distance, 

_exclusive of the possible effect of pupillary change.” 

“mechanism by which the slit-variation was accomplished is shown in Fig. 2. 
The inverted brass T-bar (T’) was so inclined that at 200 cm. it was 2.7 cm. higher 
than it was at 80 cm. from S. This represents the difference between the heights of 
the light-slit openings at these two positions. A wheel (W’), mounted upon a leg 
extending down from the brass plate (Y) and running upon the inclined track, 
served to push the brass plate upward through a pair of guides (K) and against 
the bottom of two vertically sliding steel plates (P). The sides of these plates and 
of the frame in which they moved were milled at an angle to allow for proportional 
changes in slit-width as the height increased, and small springs were mounted inside 
at top (R) and bottom (R) of the plates and pushed the plates apart to the width 
corresponding to a particular height. Longer coil springs (R’) insured the propor- 
tional decrease in size as distance from S decreased. The illuminated portion of the 
slit-mechanism was the extent of a line which was always the distance between the 
cross bar (B) and the overhanging flange (F). The light-source was a neon tube 
coiled within the light box and properly connected through a transformer to the 
110-v. light-circuit. A Meumann time-sense apparatus with contacts properly placed 
gave a warning signal every 36 sec. The warning signal was followed by two 
exposures of two sec. each with a 2.4 sec. interval between exposures, during which 
the box was moved by the operator to its second position. 

A wooden screen (S) 18 in. square, painted black on the side toward the instru- 
ment and tinted light red on the side toward S was placed at the end of the instrument- 
frame, but upon a separate wooden standard. An extended wooden eye-piece (X) 
was fastened to this screen and was painted red outside and lined with black velvet. 
The opening toward § measured 11 x 6 cm. This, however, was filled in with a tightly 
fitting piece of wood with a hole in the center the size of an optician’s lens. Metal 
strips were arranged to hold such a lens when it was desired to use one. Over this 
lens-holder a removable black velvet cover was fitted with a small elliptical opening 
in the center. It was therefore possible to use a lens without S knowing that one 
had been placed behind the covering. It was also possible to insert a metal disc with 
a pin-hole opening or one with a 3-mm. opening to serve as an artificial pupil. 

Two electric lights were placed inside two tin reflecting strips which shielded the 
direct rays of light from S$ but illuminated the whole face of the screen with a reddish 
glow and therefore kept § not only moderately light-adapted but also adapted to the 
red of the stimulus-light. On both sides of the eye extension-piece, metal-wire frames 
were attached in which mirrors could so be placed that an observer standing beside 


** See Woodburne (op. cit., 276) for detail of exposure-slits in his pair of boxes 


mounted on narrow gauge tracks. 
**R. Jaensch, Zur Analyse der Gesichtswahrnehmungen, Zsch. f. Psychol., Erghd., 


4, 1909, 8. 
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S could watch and record movements of the eye which was not being used for 
observation of the light-source. In order to get a more accurate and a permanent 
record of the eye movement a motion-picture camera was used with 2 Ss. 

The mouth bit (O) as used at first was mounted on a frame attached to the 
instrument-frame. The slight vibration caused by the moving light-box was noticeable 
through the teeth. It was therefore removed and mounted upon an iron framework 
solidly attached to the floor but having no connection with the instrument-frame or 
with the screen. This frame was so built that it allowed a complete and accurate 
adjustment both vertically and horizontally for the mouth bit. The head-position 
then was constant for all observations at any one sitting. 

In the eye extension-piece on the instrument side and therefore about 25 cm. from 
Sa holder was arranged into which a sighter could be slipped, to be used in placing S 
for any given set of observations. This also served to hold the Wratten light filter 
(no. 29) which was used during the observations. The sighter was a piece of galvan- 
ized iron painted dull black and with a hole 3 mm. ia diam. at the exact point where 
light-rays from the light-source would pass into S’s eye no matter what the distance 
of the source. 

The instrument extended into the corner of the dark-room so S sat in a triangular 
recess behind a heavy black curtain extending from the ceiling to the floor. Two 
buzzers (Z) were mounted low in front of § upon a board which was fastened to 
the mouth-bit frame. The tracks were covered with heavy black sateen both to reduce 
noise and to prevent reflection. The light-box and all other parts of the instrument, 
except the slit-mechanism itself, were painted dull black. 

Preliminary experiments. Preliminary trials involved the use of 7 Ss, all under- 
graduates under 25 yr. of age. Four Ss were slightly ametropic, and one with —2.00 
and —1.00 D. myopia observed with correcting glasses. One S had one normal eye, 
the other having been removed 10 years before. One S was functionally monocular 
because of a serious amblyopia. The seeing eye was slightly hyperopic. 

Results with the two monocular Ss, presumably well practiced in monocular 
estimation, differed markedly from each other, even on an apparatus from which all 
the empirical cues were not yet excluded. The S with one eye was very keen in the 
use of slight cues which escaped the notice of any other S. The slightest noise, 
vibration or deviation in the position of the light either laterally or vertically was 
immediately detected. The amblyopic S could not tell relative distance on these or 
on any other cues. Similar differences were seen among the 5 Ss with approximately 
normal vision. One S reached a high percentage of accuracy largely on a basis of 
slight color-differences, i.e. the nearer light was redder, the farther light was more 
orange. This was attributed to.a slight chromatic aberration and was responsible 
for the introduction of the use of the Wratten filter. The four remaining Ss showed 
little accuracy even with the presence of empirical cues. After considerable ‘practice’ 
their results still seemed to depend upon chance. In one of the last trials, one of 
these 4 Ss seemed to have a sudden insight into the significance of the initial blur 
of one of the lights and the number of errors in that and in the succeeding trials 
dropped appreciably. 


Main experiments. The foregoing preliminary survey was fruitful in 
eliminating inaccuracies in the early adaptation of the Woodburne appara- 
tus, in improving procedure, and in securing a closer definition of the 
problem. We now go on to the main body of the experiments. 
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At the beginning of every series § was so placed that every observation would be 
made from exactly the same position. The mouth-bit was adjusted level and in such 
a place that the observing eye was directly in line with the object-light wherever 
it was placed in the field, as determined by the passage of the light-rays through the 
3-mm. sighter opening in the holder at 25-cm. distance from S’s eye. The light was 
on continuously in the otherwise totally dark field during this adjustment. Care was 
taken that S never saw the object-light in any way except in its setting in a totally 
black field. After an adjustment was secured which was known to be satisfactory for 
all positions to be given, the sighter was removed and the filter was inserted in the 
holder. S was instructed to place his teeth securely into the mouth-bit as soon as 
the warning-light appeared, to turn on the buzzer, and to wait for the appearance of 
two exposures of the object-light. Ample time was afforded for this in the interval 
between warning and first exposure. There was a 25-sec. interval for recording and 
for rest between successive trials. 

S’s task was to judge whether the second light was nearer than (N), farther 
than (F), or the same distance as (=), the first light. This record was entered in 
one column on a data-sheet. In a second column S added his certainty as C—, C, C+. 
Additional space was provided on the data-sheet for reports as to basis of judgment. 
At the end of the series he added other comments as he desired. 

A series consisted of 20 judgments with one eye; a pair of series (making up a 
setting) consisted of 20 judgments with each eye separately in ‘succession. There 
were two groups of series, a general group, and a short supplementary group for 
each S. In every series the distribution was 8 Ns, 8. Fs and 4 =s in a mixed order. 
Results are plotted in numbers of errors in a series of 20 trials. The upper set of 
curves for each S is in terms of the total number of errors in the Ns, Fs, and =s 


given in each series. The middle set of curves for the S is in terms of Fs alone (F), 
the lower set, of Ns alone (N). The curve for =s is superimposed in a dotted line 
upon the curve for the total errors. Since no essential difference was found in analysis 
of results from the two eyes, the trials are thrown together in the succession in which 


they occurred. 
The following pairs of distances were used; 


80 cm.—200 cm.,representing .75 D. change 
25 cm.— 33} cm., representing 1.00 D. change 
333 CM.— 50 cmM., representing 1.00 D. change 
25 cm.— 62} cm., representing 2.40 D. change 
40 cCM.—I00 cM., representing 1.50 D. change 


The original plan was to start 2 Ss on a far-pair of distances and work toward 
a near-pair; 2 other Ss on a near-pair of distances to work toward a far-pair. It was 
thought by this means that practice might be equalized in both directions. Two 
other Ss were never to be allowed to become familiar with any one pair of distances. 
As the work progressed, it seemed advisable to modify the procedure. Three Ss 
remained on one pair of distances for a relatively long period of time with only 
short periods on other distances. With the remainder of the Ss the plan was carried 
ott as indicated above. 

The pair of distances 40 cm.—100 cm. was given as the supplementary group 
of series to all Ss save 1.S.% Several weeks intervened in every case between the 


* An artificial pupil 3 mm. in diam. was used here with all Ss. 


x 
a 
4 
‘ 
| 


MONOCULAR PERCEPTION OF DISTANCE 527 


regular group of series and this supplementary group. In this latter procedure, the 
attention of § was deliberately directed upon any possible existing activity within 
the eye, with particular reference to any strain, effort, fatigue, or tension of any 
sort. In the regular procedure, no such reference was ever made. The Ss were never 
informed of any change of distance or in procedure. They were never informed 
concerning the accuracy of their judgments. All Ss made the observations in substi- 
tution for term-paper requirements in an elementary course in Psychology. No S wore 
correcting lenses except where noted in the text. 


No. of Reports 


Refraction 


Gen’l ser. Suppl’y ser. 


2000 200 

820 

100 

R—25—25 X 105 1040 

L—25—25X75 

+.12+.25X90 700 
+.12 1080 160 
—.25 780 280 


F 
F 
M 
M 
M 
F 


Results. The issue of the experiments is set down in detail for the 7 Ss 
considered one by one. 


J.P. (a Chinese graduate student) made judgments distributed as follows: 

A 280 judgments on several distances (before refraction). 

B 920 judgments 3314 cm. and 50 cm. 

C 520 judgments 3314 cm. and 50 cm. 

D 280 judgments 25 cm. and 6214 cm. 

E 200 judgments 40 cm. and 100 cm. 

Curves for B, C, D, and E in Fig. 3. 

The first group (A) seemed at the time to be unsatisfactory on account of per- 
sisting blurs, apparently at any pair of distances. In the first pair of series when 
urged to get a clear image, S wrote that she tried to do this but that it interfered . 
with her judgment. Judgment was based on blur, was uncertain, and errors ranged 
from 5 to 18 in each series of 20 trials. The trials were discontinued until after a 
refraction was made. When refraction showed only 0.25 D. hyperopia, observations 
were resumed. 

In the first series of trials in the second group (B), 15 out of 20 lights were 
blurred for her on the light which was offered at 50 cm., i.e. the far-position. S$ 
made her judgments on the basis that the nearer light would be the blurred one 
and this accounted for 15 of the 17 errors. If there was no blur she judged the 
lights to be equal. In the second series at the same sitting only three lights were 
blurred throughout the exposure, one far and two near. Blurs decreased rapidly until 
in the sixth series there were no persisting blurs. Through all the succeeding series 
in group (B) she could give no basis for her judgment other than that one light 
seemed occasionally to come in front of the other. In a series with 9 errors she 
expressed no more certainty than in the preceding series, which contained 16 errors. 
In the two following series, however, with 6 and 4 errors she was more certain but 
still had no basis for judgment. In the 16th trial she indicated (correctly) that, of 


S Class = Age eo 
JP Grad. 24 
EM Soph: 18 
CW Soph. 19 
WSs Sen. 20 
IS Gard. 26 
SW Soph. 19 ; 
MH Soph. 19 
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3 sutcessive equals given her, the first 2 were of a farther light, and the third of a 
nearer. In the 21st. series, on suggestion, she placed in brackets on her data-sheet 
those experiences which seemed similar to her. These were mainly correct, but in one 
case included 4 successive equal judgments for as varied procedures as the following: 

(a) Near light at 3314 cm.; then Far light at 50 cm. 

(b) Far light at 50 cm.; then Near light at 3314, cm. 

(c) Both lights at 3314 cm. 

(d) Both lights at 50 cm. 

One month intervened between the end of the series represented under B-Curve 
and the beginning of those represented under (C) on the same pair of distances. 
The first pair of this series showed 9 and 16 errors. Before the next pair of series 
the problem was discussed with S, i.e. the facts of accommodation, of possible strain, 
of fixation, of focus, etc. She was asked to fixate and get a clear monocular image, 
of a pencil at different distances, and to think of the experience in terms of the eye 
itself rather than of the image or the object. In the next pair of series the errors 
were 17 and 18 out of the total of 20 trials each. Her comments were to the follow- 
ing effect: The procedure hindered judgment. She could not tell what was strain 
and what was not strain. When asked to localize this ‘strain’ she was puzzled, but 
finally decided that it consisted in squinting up of the eye and closing the lid. She 
could not decide whether relative closure or relative opening of the eye formed the 
strain. In this pair of series, she reported ‘strain’ in, respectively, 11 and 10 trials, 
but with only two correct judgments in the whole number. She seemed, however, to 
establish here a formula which she continued to use later, namely, ‘strain’ on the 
first light indicated that the second light was farther and vice versa. This formula, 
if it was used, was not effective in reducing errors in this pair of series. However, 
upon the same basis in succeeding pairs the number of errors dropped gradually 
until, in Series 12 the errors were of 2 fars with all nears and equals cortect. These 
fars were in each case called equal, a confusion which accounts for practically all 
of her errors when a far-light was given second. 

In order to see if she would transfer immediately this use of ‘strain’ to another 


pair of lights, she was transferred on the afternoon of the same day to observation - 


of distances 25 cm.—62.5 cm. (Series 13 under D-Curve). The errors were 15 and 
14 out of 20 trials each, and all upon Ns and Fs. The lights offered successively in 
the same position were judged correctly. All the errors were on the basis of strain; 
i.e. on her basis the light at 62.5 cm. was the one which gave ‘strain’ and was there- 
fore (incorrectly) judged as nearer. Her comments were: “These series caused much 
strain on the eye. All the images became clear but it took an extraordinary amount 
of effort to get a clear image. The strain seems to be more than in the eye lid, but 
I cannot say where.” 

The next pair of series took place the following day, that with one eye giving 
12 errors, with the other 1 error.. Within the first of these series there is plainly 
recognizable a clarification of the idea of the effect of ‘strain.’ 7.e. she seemed to 
become conscious of strain in the direction in which it might be entirely consistent 
(granting strain) with the pair of lights offered to her; nevertheless, she either 
interpreted this wrongly or still lacked the proper N, F or = interpretation for it. 
On the second series of the pair, on the contrary, the interpretation is correct in all 
instances except on a far-light which she called equal (or far). Since with a double 
judgment only the first was counted, this was called incorrect. Curiously enough in 
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every case and in the general comment at the end she reported “very slight strain’’ 
and this was always indicated as accompanying the light offered at 25 cm. She also 
selected all fars and placed them in brackets as giving her exactly the same experience 
(including the one in error above). The eye lid was still described as the source of 
strain, but she added that when she squinted she sometimes felt that the “inside of 
the eye was different’’ but was not sure. She thought she knew when there was little 
or much strain but could not localize it any more closely. 

After continuing with the same degree of accuracy for 3 series (16, 17, and 18, 
D-Curve) a disk with a pin-hole of slightly less than 1 mm. in diam. was placed 
in the lens-holder. The two resulting high points, that of Series 19 and 20, and of 

~-23-and_24, D-curve resulted with the drop between, when the pin-hole was discarded. 
She became again very uncertain and with no basis for judgment. This was the effect 
which was expected, since diffusion circles and necessity for accommodation were 
both eliminated. 

With the next pair of series J.P. was transferred back to the distances 3314 cm. 
and 50 cm. used previously. The high point in the middle of the curve, Series 25 
under C, represents the first series of this pair. In successive trials, as may be seen 
in the curves, after a brief adjustment to this distance the Ns were practically always 
given correctly. The errors on Fs usually resulted from a confusion with =s. Con- 
fusion of far with near occurred in only 4 cases out of 72 far-judgments. These were 
given on the basis of strain on the second light, a mistake which is easily under- 
standable. A pair of series was introduced here (Series 35, 36 in D) again on the 
distances 25 cm. to 62.5 cm. to see if the shift would cause much disturbance. These 
showed 2 errors out of 40 trials, a near and a far both judged equal. With an 
assistant to operate the instrument, E watched Ss unobserving eye through these 40 
trials. In a few cases convergent and divergent movements were noted unmistakably 
and a later check showed that these corresponded to the objective position of the 
lights. In most cases, however, these were difficult to catch for at least two reasons: 
(1) There was a great deal of lateral sporadic wavering of the eye, at least before 
and between the light exposures; (2) The eye lid actually ‘screwed up’ during the 
light-exposure, especially on the nearer light. 

The last 4 series were again upon the distances 3314 cm. and 50 cm. The first 
of these, Series 37, contained 3 errors. The formula S; (strain on the first light) and 
S: (strain on the second light) had been used by the S so persistently upon her 
data-sheet that E asked her which she usually indicated first, the strain or her judg- 
ment. She was not sure which came first in the larger number of cases, but agreed 
to watch this. This task seemed to cause distraction and the errors amounted to 7 
in this series. It was shown that, at least in this series, the judgment was usually 
given first. The next and final pair of series dropped again to 3 errors each. Strain 
was still as indefinitely localized as before. 

The supplementary series of 200 judgments at 40 cm.—100 cm. showed that an 
adjustment period similar to that of the previous distances seemed to be necessary 
here. In one series also, § made 14 errors because she applied her formula S:, S: in 
the wrong direction. She corrected this before the end of the series. (The supple- 
mentary series does not have the same significance with this § as with the five 
succeeding. As noted before, the discussion of strain, of accommodation, and the 
demonstration of successive monocular fixations was introduced with J.P. at the 
third trial of C, instead of with the supplementary series.) 
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E.M. made judgments distributed as follows: 


A 700 judgments 80 cm. to 200 cm. 

B 80 judgments 3314 cm. to 50 cm. 

C 40 judgments 25 cm. to 62.5 cm. 

D 120 judgments 40 cm. to 100 cm. 
Curves for A and B are shown in Fig. 4. 


Examination of A curve shows a steady decrease in errors except on the lights 
which were shown twice in the same position. The superposition of the = Curve 
upon the total shows this clearly. From the first set of trials her judgment was 
increasingly based upon what she called ‘focus.’ Of the errors occurring in these 
series, 40% occur on this basis; 12% of these are Ns, 41% Fs and 46% =s. 

Lights which were shown twice in the same position show a high percentage of 
errors. In 31% of the series every one of such positions (namely, 4) were in error: 
in 42% of the series 3 out of 4 were in error. In no series were all equals correct. 
The basis for these judgments also were in terms of ‘focus.’ Analysis of the errors 
on these lights presented successively at the same distance, shows 


3514% given at 80 cm. were judged N. 
2614% given at 200 cm. were judged N. 

7% given at 80 cm. were judged F. 

614% given at 200 cm. were judged F. 

714% given at 80 cm. were judged = (correct). 
17% given at 200 cm. were judged = (correct). 


Where this S had an ‘equal’ judged correctly, it was always on the basis of “no 
change in focus.” Where ‘equals’ were judged incorrectly as F or N, the basis was 
given ‘“‘came in back (or front) of focus.” 

A small group of 80 judgments in 4 series was taken at the distances 3314 cm. 
and 50 cm. These are shown in B-Curve. There were 17 errors in this set, 7 of 
which were upon the equals. No errors upon the nears. A succeeding 40 judgments 
on the distances 25 cm. and 62.5 cm. gave only one error and that upon an equal. 

E assumed at first that these remarks on focus referred to the eye. Later results 
indicated that S usually spoke in terms of the image projected rather than in terms 
of any activity in the eye. No strain or effort was ever indicated. In 2 series (2nd. 
and 13th.) the following remarks occur: “feel eye focusing closer,” “felt refocusing 
up nearer.” These two remarks on two single occasions, accompanying one correct 
and one incorrect ‘near’ judgment are the only instances when the judgment was 
given clearly on the basis of any possible activity within the eye. Focus to her had 
apparently no relation with an activity within the eye, but referred to the appearance 
of the object perceived. One of her later remarks indicates this: “Near ones still 
have that out of focus appearance at first glance.” She described focus somewhat in 
the same manner as the spectator who looks at a stereoptican projection and refers 
to it as in or out of focus. 

In the supplementary group of 120 judgments, the only errors were upon the 
equals (16 errors in 24). These errors show the same preponderance of equals judged 
near, as in the description of the general group. All correct equals, as well as those 
in error, were given with C— certainty, whereas all nears and fars, except in two 
single cases, were given with C+ certainty. In her remarks S remained quite as 
puzzled as before in regard to any more definite reportable basis. Attention directed 
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upon the eye seemed to be of no assistance in further determination of this basis. Some 
of her comments are the following: 


Movements of the eye are distinguishable. A slight turning toward the nose. 
Lights are called further or nearer because they seem to correspond to former experi- 
ence with both eyes. 

In this trial the farther ones were more easily judged than before by the move- 
ment back. (She could not tell what this meant except that it is ‘the same feeling 
as in judgment with two eyes.’”) With the nearer ones the appearance of the image, 
that is, the fuzzy look when it first appears, interferes with the recognition of eye 
movements. 

The strain of change of focus seems to be of a different sort for nearer than for 
f. r. It seems to be partly a turning-in feeling and seems to be stronger than the 
feeling for moving the eet farther away. 

Judgment is based on the image rather than upon eye movements; whether the 
line looks farther or nearer rather than any feeling in the eye. 

C.W.’s judgments were distributed as follows: 


A 400 judgments 3314 cm. to 50 cm. 

B 80 judgments 25 cm. to 6214 cm. 

C 20 judgments 3314 cm. to 50 cm. (with a +2-D. lens) 

D 120 judgments 80 cm. to 200 cm. 

E 40 judgments 25 cm. to 6214 cm. 

F 40 judgments 80 cm. to 200 cm. 

G 160 judgments 40 cm. to 100 cm. 

Curves for A, and D-F, are shown in Fig. 5. 

C.W. illustrates clearly the rise of a deliberate basis for judgment. At the end of 
the second set of trials she wrote: 


There is obviously a different amount of focus for a near and for a far light, 
because the amount of blur is different, but I do not know which is which—only to 
record equal if the focus does not change much. If I had time to figure out what the 
blur—and focusing—mean, my results would be consistent and certain, but not 
necessarily correct. As it is, | am apt to regard the light which appears with the least 
blur as the farther one. If the next one requires a good deal of focusing, it surely 
is not equal and I assume that it is near. I am assuming only two lights, I think. 


As may be seen from examination of the first curve, there were 14 errors in this 
series with 11 errors in the succeeding series. By the next series (at the same sitting 
and with the other eye) she had adopted two methods of judging, both of which 
she used for several succeeding series and which she expressed as follows: (1) tried 
to hold focus between lights after deciding whether the first light was near or far; 
(2) tried to regain normal focus between lights and count that light farther which 
required least focus. 

In the second pair of trials, 5 of the 7 errors with the left eye occurred on the 
basis of the first method. After a few more series § abandoned the first method in 
favor of the second because, “the lights are no longer as familiar by the amount of 
focus, but more especially, because there is too much room for error in this method.” 
By the time she made this report her errors had become negligible and the initial 
blur was brief. This last is probably the reason why she reported that neither the 
lights nor the distances were the same in succeeding trials and considered, moreover, 
that at least three sets of distances were used. From this time on, the far-judgments 
were usually on the basis of “the second requires no focus’ or “almost no focus” ; 
and the near-judgments, on the basis of requiring “the same relative amount of focus 
from the normal.” 
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In the first series, with the distances 25 cm. and 62.5 cm. (Series 21) S com- 
mented: “There seem to be only two distances now, one requires a lot of focus, the 
other practically none. The near one is very blurred at first. After an initial blur, 
however, the images are clear.” In this group of 120 judgments she made only 3 
errors and those were on Fs. The curve for this set is not included. Some of her 
remarks on blur and focus caused E to ask just what she meant by blur and by 
focus and what was the relation between the two. She wrote that the focus was the 
amount of change necessary im the image to clear it up and that the blur was prac- 
tically equivalent to amount of focus. “The amount of blur that disappears, in fact 
the change in the width of the band, I count as the amount of focus required to see 
it clearly.” In Series 24 her comments were ‘the light which requires most focus 
and which I take to be the nearest is harder to look at, or is, at least, until it is 
focused. The eye which is not in position at the opening seems to feel the strain, or 
whatever it is, more than the other. When I mean to return to normal focus between 
lights I feel that the free eye moves a little outward, particularly after a near light.” 
She reported this as true at least when the left eye was observing. This is her only 
reference to strain in the regular group of series. 

The next eight series (under D-F in Fig. 5) were given upon the distances 80—200 
cm. This pair of distances confused S greatly because “the amount of change of blur 
is difficult to see.” Equals were often correct on the basis of no blur or the same 
amount on each. Here also she believed that three distances were used, one giving 
her a clear light, one a slightly blurred, and the third a very blurred light. The 
curve as far as the observations continued was a descending curve. 

In the supplementary group of 160 judgments on the distances 40—100 cm., and 
with attention fixed upon the activity of the eye itself, § retained her high percentage 
of accuracy, with one error only on a near, 3 upon fars and 9 upon equals. She could 
write only in vague terms concerning the eye’s activity. Again, it was the eye which 
was not occupied in the observations which gave the only indication of activity, so 
far as she could discover. Like E.M. she was sometimes vaguely conscious of a 
“turning in’? movement. On one data-sheet she wrote emphatically “I’d swear it is 
the other eye I’m conscious of. It moves on near ones, moves in, with almost a cross- 
eyed feeling.” Again she wrote that she kept trying to figure out what had happened, 
if it did happen, and said that if she did not have the other eye she might know 
what was happening in the observing eye. Also like E.M. she returned, apparently 
with relief, to her own method, previously described as change in relative amount of 
“focus.” 

W.S.’s judgments were distributed as follows: 

A 280 judgments 25 cm. and 3314 cm. 

B 400 judgments 80 cm. and 200 cm. 

C 20 judgments 80 cm. and 200 cm. (with lens) 

D 160 judgments 3314 cm. and 50 cm. 

E 80 judgments 3314, cm. and 50 cm. (with lens) 

F 40 judgments 40 cm. and 6214 cm. 

G 40 judgments 25 cm. and 6214 cm. 

H 220 judgments 40 cm. and 100 cm. 

Curves for A, B, D, F, G and H are shown in Fig. 6. The above distances were 
used in such an order that usually one pair of series only (one with each eye) was 
given in succession with any one set of distances. S was never allowed to become 
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familiar with any pair of distances. The first curve, (A, in Fig. 6) represents judg- 
ments given in numerical succession of pairs of Series 1-2, 5-6, 13-14, 17-18, 
19-20, 25-26, 33-34. When the trend of results with distances 80—200 cm. was 
observed, that pair of distances had the emphasis slightly in the distribution of 
trials for the remainder of the observations. Refraction for this S could not be made 
until after the observations had been finished. 

In the first pair of series at 25—-3314 cm., size of image, position in the field, and 
clarity of image were given as the criteria of judgment. A general statement of basis 
was made after each series of the next pair at 40—62.5 cm. to the effect that when 
the second light was farther S got a clear image without effort, but when nearer some 
effort was required. In pair 5-6 (distances 25—3314 cm.) the above statement 
was iModified to the following: “Basis is much less confused. When the second light 
is nearer, there seems to be some muscular contraction behind the eye pressing in. 
The second light is farther if this does not produce a clear image or if, at first sight, 
the image was more distinct.” (Series 6 is omitted from Fig. 7A.) 

Two pairs of series at the distances 80—200 cm. were introduced at this point 
(Series 7-8, 9-10, B-Curve in Fig. 6). Errors ranged from 10 to 17. S indicated the 
same basis of judgment as before, but added “On certain trials it seems as if a lens 
were placed before one or both of the lights, making it impossible to get a clear 
image.” A pair of judgments at 3314—50 cm. and a pair at 25—3314 cm. intervened 
before the next pair at 80—200 cm. was given. These two pairs do not add any 
new fact except that on Series 13 (25—3314 cm.) S spoke of having very clear 
images of both lights. The remarks after the next pair (with 80—200 cm.) showed 
that S was puzzled. In the first set of this pair, S felt that there was some “tampering 
with the images,” and he labeled four trials as surprising and “artificial” and gave 
no judgment on these. There were 19 errors out of 20 trials, including the four 
omissions. All judgments except these four, however, were given with high assurance 
and all images were clear. In the second set of this pair (at the same sitting, but 
with the other eye) judgment was given for all except two. Certainty in two cases, 
however, was C—, and one of these cases was a correct judgment. At this point 
(the 15th trial of the series) S spontaneously remarked that a revolution was going 
on, and that he wanted another series of trials immediately, in order to get hold of 
whatever might be the factor which was making him reverse his former judgments. 
Later he wrote “the general basis is the same but the eye-activity seems opposite to 
what had occurred before.” The next trial was purposely five days later and on the 
distances 25 cm. to 331/, cm. again. His only remark was “same basis as before and 
the trouble of the last time is absent.” With the second series of this pair he was 
asked to describe exactly what happened when the two lights were given him. This 
description is to the effect that a near light (#.e. what he believed to be a near light) 
comes in blurred but clears up; a far light comes in perfectly clear and in some way 
which he cannot describe, it just appears far. The greatest difficulty, for him, he 
believed, was to tell when they were in the same position successively. 

The next pair, on 80—200 cm. (21, 22), showed 12 errors in each set with S 
puzzled as before. Two pairs which followed with other distances showed nothing 
new. The next pair of 80—200 cm. (27, 28) showed almost complete reversal of 
near and far. While preceding trials on these distances contained many instances of 
this reversal, it was by no means as complete as on this pair of series. He reiterated 
his statement that he was using the same basis of the way the eye reacts, but added 
that he “has a feeling every now and then that it may be reversed, that is, it looks 


A 
a 
4 
a 
a 
oi 
ia 
4 
ne 
to 
of 
cc 
ac 


MONOCULAR PERCEPTION OF DISTANCE 535 


a bit the opposite—in some way looks different.” The intervening pair (3314—50 
cm.) again showed nothing new. After the first series (31) of the next pair (80— 
200 cm.) he wrote: “More certainty with regard to judgment. The immediate clear- 


Fic. 7. RESULTS OF S.W. 


ness of the farther image (when second) has perhaps thrown me off and caused me 
to see it as nearer—this applies to the other series of this type more than to this 
one.” The farther image of which he spoke was really that of the nearer light. This 
complete reversal occurred in many of the succeeding series with these distances and 
accounts for the height of the curves in B. Occasionally the doubt returned and he 
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gave one or more correct judgments but with decreased certainty. The remainder of 
the trials shows nothing essentially new except five series which do not appear in the 
curves. In one pair of these a +2 D. lens was placed in the lens-holder, without his 
knowledge, when the distances 3314—50 cm. were to be presented. He gave com- 
plete reversal of nears and fars on both of these series with C+ certainty and his 
comment was “nothing new.” Errors amounted to 17 and 19 out of 20. In the attempt 
likewise to reverse in the direction of correctness the 80—200 cm. distances, he knew 
through an accident in procedure, that a lens was before his eye. Out of the first 
nine single trials eight were in error, with, however, no errors on the remaining 
eleven. From his comments all of these seemed to be correct on the basis of com- 
parative blur. 

~———After the usual instruction, W.S. gave 220 judgments in the supplementary group, 
the curve for which is shown under H (Fig. 6). Eighty-two percentage of these 
judgments were in error and 88% of these errors were reversals of near and far in 
the same manner as that indicated in the B-curve with the distances 80—200 cm. 
Practically all of his judgments were given with C+ certainty. On the first data-sheet 
of this group, when it had been suggested that he observe the lights throughout the 
exposure-time, he indicated that it was not necessary to look longer at the lights since 
his judgment was immediate and was based on experience. In Series 3 and 4 single 
comments which accompany reversals, apparently indicate some influence of the 
factor of contradiction: (1) “Divided personality here,” and (2) ‘Something ter- 
ribly fishy about this.” There were no other comments throughout the 220 judgments. 
He asked, however, for many trials to be repeated. Another trial was given in every 
case, but it was never an exact repetition of the next preceding. 

In Series 25 and 26 an assistant examined this S’s unobserving eye in the mirror 
adjusted for this purpose. Like J.P., the sporadic movements of the eye interfered to 
such an extent that no sure determination could be made of definite, unvarying 
convergence and divergence which corresponded to the objective positions of the 
light. Interference came from the pulsating pupil, movements of lids and of brows, 
in addition to what the assistant could only call “flashing of the eye” each time that 
the light appeared and challenged attention. All of this interfered with the ocular 
observation. The cinema-records made later of this S’s eye show these same charac- 
teristics. 


S.W.’s judgments were distributed as follows: 


A 100 judgments 25 cm. and 3314 cm. 

B 440 judgments 80 cm. and 200 cm. 

C 300 judgments 25 cm. and 6214 cm. 

D 240 judgments 3314 cm. and 50 cm. 

E 160 judgments 40 cm. and 100 cm. 
Curves for A, B, C, D are shown in Fig. 7. 


(Like W.S. this S was not allowed to become accustomed to any one pair of 


distances. ) 

S.W. apparently made his judgments in his early series on the basis of blur. 
“Closer lights appear slightly less definite, as would a pencil held close to the eye.” 
As the trials progressed he gave an increasing number of equal judgments. The com- 
ments show a continually decreasing amount of blur accompanying the increase in 


errors. 
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Since S, even after 640 judgments, showed less indication of learning than J.P. 
did, it was decided to introduce the idea of strain, accommodation, etc., before 
Series 33 (25—62.5 cm). Accommodation, possible strain, fixation, etc., were dis- 
cussed and demonstrated. As a result, errors dropped markedly, five nears and five 
fars were correct on the basis that the near light caused “strain as if very near.” On 
the afternoon of the same day, a pair of trials was given on distances 80—200 cm. 
A similar drop occurred here in the curve of nears but not in the fars. A lesser drop 
occurred in the next pair of distances (3314—50 cm). 

The next presentation of distances 25—62.5 cm. (Series 39) was given 16 days 
after the instruction noted above. Only one error occurred and that was on a far 
light. ‘Strain’ was indicated after each trial; whether on both, on neither, or on one 
alone. The basis on which judgment was given was “definite strains noted above so 
strong as almost to cause physical pain.”” The second of this pair of series occasioned 
decreased strain and the errors were five. The succeeding pair (41, 42) (3314—50 
cm.) showed decreased strain and increased errors. The first of the next pair at 
80—200 cm. (43, 44) contains three errors only, with all judgments on the basis 
of strain. § remarked, however, that strain was more apparent in other series. From 
indications of blur it became apparent that any light which caused a strain caused 
also a blur which persisted throughout the showing of the light. From this time on, 
however, the indications of strain decreased, the errors increased, and S returned to 
his judgment that all were ‘equals.’ 

Two series of 20 trials each (not included in the tabulation above or in the 
curves) were given with a —1 D. or —1.5 D. lens to see if the increased accom- 
modation necessary to overcome the lens would be indicated in strain and in decrease 
of errors. Outside of four correct equals, which are negligible on account of facts 
noted below, 4 nears were given correctly on the basis of strain, and the report is 
made that blur persisted throughout the showing of the light which caused the 
strain. § also remarked that he thought perhaps the blur was the more indicative of 
the two—he saw the blur and felt the strain. 

The performance in the supplementary group (not shown in curves) in 120 
judgments showed the same sort of thing. One series was made in which all judg- . 
ments were given as equal. In the other 100 judgments 9 Ns and 9 Fs were given, 
and of these 3 Ns and 4 Fs were incorrect. These nears and fars were given on the 
basis of strain and each light was blurred throughout its exposure. All other lights 
were clear and distinct. 

In Series 50 (25—62.5 cm.) E observed the unused eye in the mirror adjusted 
for this purpose, while an assistant operated the lights. Without knowledge of the 
combinations given by this assistant, in every case convergence and divergence of the 
eye were noticed which corresponded accurately to the distances given, as checked 
later with the assistant. Twice the lights were given in succession at 62.5 cm.; no 
movement of the eyes occurred. For two trials with lights given successively at 25 
cm., the notation for one of these was ‘a slight inward, outward, inward movement’ ; 
for the other, I; Iz indicated a marked convergence on each light as it appeared. For 
5 trials they are indicated as slight and for 9 trials as well-marked movements. These 
movements all accompanied judgments of equal as shown in Series 50, C-Curve, 
and were therefore disregarded entirely so far as the judgment of distance was 
concerned. No other S’s eye was steady enough to give such unmistakable move- 
ments. Cinema-records made later of this eye were not as conclusive as this sort of 
observation. 
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The remaining two Ss (I.S. and M.H.) gave judgments as indicated in the table 
on p. 527. Curves are given in Figs. 8 and 9. 

1.S. was not available for a supplementary group. The two low points of his curve 
at trial 11 and 34 are probably due to two errors in procedure. When these were 
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corrected, his temporary accuracy was lost. I.S. mentioned blur only once. Difference 
in size of lights and in intensity were the only criteria he could find as basis of 
judgment. M.H. was able to give no basis for her judgment. She frequently reported 
‘thickness’ of images which she said was not blur. Her errors seemed to be due to 
misinterpretation of this blur or ‘thickness,’ and correct judgments in most cases 
seemed to be due to an interpretation consistent with the position of the lights given. 
In the supplementary series with attention directed upon the eye, S found no assist- 
ance in clearer definition of her basis of judgment. She still reported some ‘thick’ 
images which she said were not blurred. She seemed to think that perspective played 
a part in her basis. She could find no indication of strain. There is some indication 
of a descending curve on these distances (see B-Curve, Fig. 9). 
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SUMMARY AND CONCLUSIONS 

The reports and the graphic records show definitely that the experi- 
ment resolved itself into a ‘learning’ experiment. Deprived of the usual 
means of discriminating distance, the 7 Ss were faced with the necessity 
of finding new resources. Some of them found these, others did not. 
The curves show marked differences in performance. 

Only the curves for E.M. and C.W. (Figs. 4 and 5) are closely similar. 
These are clearly ‘learning’ curves. The characteristics of ‘learning’ were 
just as definite for the pair of distances on which C.W. was engaged 
(3314—50 cm. from the eye) as for the greater distances of E.M. (80— 
200 cm.). The basis of judgment for both rested upon what they called 
‘focus,’ the word referring to the image and not to any activity within 
the eye. Analysis of E.M.’s judgments shows a rapidly increasing number 
based on ‘focus’ in the learning period, with a relatively rapid decrease in 
errors. During the descent of the curve, however, 40% of the judgments 
based thus were in error. C.W. showed the rise of a deliberative sort 
of basis for judgment in two methods, one of which she discarded. The 
basis retained was amount of change in focus, which she described as 
“equivalent to amount of change in blur.” C.W. gave more correct reports 
than E.M. when the lights were shown one after the other in the same 
position. No other Ss so definitely and consistently compared the appear- 
ance of the light-object (amount of blur) at the various distances. 

].P. (Fig. 3) showed no effects of learning at the end of 960 trials, i.e. 
of more trials than E.M. or C.W. Instruction given J.P. in order to turn 
her attention upon any strain or activity within her eye showed its effects, 
not immediately, but in later portions of the curves. She slowly developed 
and applied a formula, that ‘strain’ on the first of a pair of lights meant — 
that the second was farther away and vice versa. The application of this 
formula was temporarily disrupted by any change in pairs of distances. 
The high point at Series 25 (C-Curve) and those at the first series on 
each of Curves D and E, illustrate this interference. Such interference shows 
that ‘strain’ was not any immediate and unmistakable muscular sensation 
to which her attention had been called, but was related rather to the rela- 
tive amounts of initial blur in the pairs of lights presented. Even with the 
pair (D-Curve) which involved as much as a 2.4 D change in accommoda- 
tion, it was necessary for J.P. to re-establish her formula. It took 60 trials 
with 41 errors before she was able to do this. While she attained some 
degree of accuracy, she never reached, on any pair, the accuracy of E.M., 
(.e. no errors on Ns or Fs in 160 trials). 

The significant characteristic of the curves of W.S. (Fig. 6) is that 
where distances of 62.5 cm. and beyond were involved S reversed N for 
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F in practically all cases. His large number of errors on Curves B and H 
is due to this reversal. With his slightly myopic eye the farther light in 
the pairs of distances 80—200 cm. and 40—100 cm. apparently came in 
more blurred than the nearer light. He therefore called it nearer. His 
judgments throughout, both before and after instruction, were based—as 
he affirmed—on “definite muscular movement” or “effort,” but his per- 
sistent reversals give sufficient evidence that the main basis was amount 
of blur. The occasional contradiction in his experience was overruled in 
the direction of error by his ical that greater amount of blur 
meant ‘nearer.’ 

The early parts of the curves for S.W. (Fig. 7) show increase of errors 
instead of decrease. The error-curve remained high for 640 trials, that 
is, until he was given special instructions. The drop in the curves which 
appeared almost immediately is indicated in C-Curve at 33 and 34, and on 
B-Curve at 35. After the instruction, lights were reported as blurred 
throughout these exposures and ‘strain’ was given as the basis of judg- 
ment. After a few trials, the blur disappeared, strain was no longer re- 
ported, errors increased, and the curves resumed their previous form. 
S.W.’s temporary accuracy, apparently secured by the slowing down of 
accommodation, could not persist on account of the usual very rapid 
adjustment of his lens. He therefore lost the only means he could have 
used for learning to discriminate, namely, comparative amounts of blur. 

Neither 1.5. nor M.H. (Figs. 8, 9) achieved any consistent accuracy. 
Neither one attached significance to the blur circles, although the latter 
frequently reported a ‘thickness’ of the light, and the former reported 
differences in size as a basis of judgment. 

Conclusions. (1) A considerable period is necessary, with individual 
differences, before a single eye can accommodate accurately and achieve 
a clear image of a well-defined light-object which is isolated completely 
from any related context in space.27 With untimed exposures in earlier 
experiments this fact has been obscured. 

(2) The relative depth-localization of the object in this experiment did 
not arise immediately and directly with the clearing-up of the image, as 
it has been supposed. The situation took on the character of a ‘learning’ 
experiment where the most significant factor appeared to be the com- 
parative amount of change in the image at different distances, a change 
which involved both clarity and size of the diffusion circles. 

(3) Diffusion circles therefore play a much more considerable part in 


“If a clear image were immediately produced, it would mean that some third 
dimensional relation was already discernible in the field, and that the object was 
not in complete isolation. This was probably true in some of the previous investiga- 
tions. 
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estimation of relative distance, at least in experimental situations, than has 
previously been supposed. 

(4) Another factor, probably proprioceptive, forms a part of the pattern 
involved in recognition of depth. This factor, however, may be overcome 
(as in W.S.) or it may be ignored (as in S.W.). 


There is little doubt that at times a proprioceptive element through convergence 
is an effective factor in controlled monocular vision of normal two-eyed subjects. 
Although not entirely to be trusted, Ss frequently gave evidence of this. The belief 
is sustained by the investigations on the histology of the extrinsic muscles of the eye. 
Several investigators, among them Huber,” Duke-Elder,” and Tozier and Sherring- 
ton,” have described the presence of an extraordinary number of special sensory 
end-organs in muscle preparations of the extrinsic muscles of the eye and of small 
medullated nerve fibres which end in these organs. Huber found 20 to 30 end-organs 
in one muscle in a number of his preparations. If this is true, we can assume a 
definite proprioceptive innervation from these striated muscles. Irvine and Ludvigh™ 
contradict the claim in two recent papers, mainly on the anatomical ground that these 
sensory end-organs are unlike proprioceptive organs in other striated muscles. If the 
proprioceptive nature of this innervation is accepted, then it is probable that some 
part of the complex experience of ‘nearer’ of these Ss as distinguished from ‘farther’ 
was affected by it. 

There must be, however, some primary cue upon which this convergence depends, 
since it is convergence of the unobserving eye. This primary cue may come from 
accommodation on account of the normally close relation which has been built up 
between the two. As is well known, however, this relation is easily severed. The cue 
may come from retinal factors which give indication of the clearing up of the retinal 
image as a result of satisfactory adjustment of the lens. We know when the image 
is relatively clear; we-do not know, however, when the lens is satisfactorily adjusted 
except by the end-effect, the clear image. 

The crystalline lens is a mean by which light rays from different distances are 
refracted in the interests of clear vision. The ciliary muscle, according to the Helm- . 
holtz theory,” by contraction so releases the lens that its anterior surface assumes 
the proper curvature for light-rays at a particular distance to be focused on the retina. 
For several decades the ciliary muscle has been assumed by many as supplying finely 
graded afferent impulses which play in from graded contractions of the muscle, 
attendant upon more or less passive dioptric changes in the lens. These finely graded 
afferent impulses are assumed to be the basis of discrimination of the relative dis- 
tance involved, particularly in monocular depth. 


**G. C. Huber, Sensory nerve terminations in the tendons of the extrinsic eye- 
muscles of cat, J. Comp. Neur., 10, 1900, 152. 

” W7. S. Duke-Elder, New observations on the physiology of the extra-ocular 
muscles, Trans. Ophth. Soc. Unit. King, 50, 1930, 181. 

* F. M. Tozier and C. S. Sherrington, Receptors and afferents of the 3rd, 4th, and 
6th cranial nerves, Proc. Roy. Soc., 82, 1910, 450. 

1S. R. Irvine, Histology of the extra-ocular muscles, Arch. Ophth., 15, 1936, 847; 
S. R. Irvine and E. J. Ludvigh, Is proprioceptive sense concerned in vision? Arch. 
Ophth., 15, 1936, 1037. 

* As far as contraction of ciliary muscle is concerned, the case is no different in the 
alternate theory of accommodation which involves the vitreous humor. W. H. 
Luedde, summarizes the <ase for the latter in The mechanism of accommodation, 
Arch. Ophth., 7, 1932, and Amer. J. Ophth., 19, 1936, 245-247. 
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That the character of the innervation for the ciliary muscle is clear is assumed 
in these discussions of accommodation. This assumption is. debatable. Where the 
ciliary muscle is present in mammals it is smooth or ‘involuntary’ muscle. Birds and 
reptiles alone have striate musculature in ciliary and iris muscles. Smooth muscle is 
much slower and more feeble in contraction than skeletal muscle and in its funda- 
mental properties shows well-marked differences. Ciliary muscle is no exception to 
this. The same sorts of efferent endings of the parasympathetic were found by Boeke™ 
in ciliary muscle as in muscle of stomach and intestines. Moreover, this ending was 
strikingly similar to that ending of the sympathetic upon striate muscle-fibers which 
Boeke believes is responsible for tonus of skeletal muscle. Agababow™ described 

~~merve fibers in the ciliary body of albino cats, some of which seemed to him to be 
of a sensory nature. Boeke™ confirmed this observation in his preparations of the 
human eye. 

The presence of afferent ends is to be expected in smooth muscle. Their function, 
however, is much less clear than in striated muscles. It cannot be called kinaesthetic, 
and either proprioceptive or interoceptive classification is ambiguous and misleading. 
At any rate we have no evidence for any ‘voluntary’ innervation in this smooth 
muscle, Innervation occurs in connection with some other element, 7.e. with con- 
vergence or with retinal factors or with both. From the evidence in this monocular 
experiment it is probable that here at least retinal factors formed the initiating 
stimulus, 7.e. the diffusion circles (clarity and size) of the image. Such stimuli 
evidently continued until the image was clear, but the relations involved in the 
cessation of such stimuli from the retina are uncertain if not unknown. 

It is doubtful, therefore, whether the activity of this smooth muscle plays the 
definite réle which has been assigned to it in discussions of monocular depth- 
perception. It would be equally logical to expect discrimination of distance to be 
based upon impulses from the smooth muscles in the iris in the accommodation 
reflex which accompanies changes in accommodation and therefore changes in dis- 
tances. This has never been proposed, at least not to the writer’s knowledge. 


(5) Finally, therefore, Ss who learned to discriminate distance did so 
on the basis of comparative blur in the retinal image with occasional reén- 
forcement or contradiction from a more or less involuntary comparison of 
the experience with the complex pattern of such discrimination under the 
usual circumstances. Convergence of the unobserving eye and movements 
of the eye-lids probably had some part in that reinforcement or contradic- 
tion. There is no indication of what is often called the immediate and 
familiaf sensation of accommodation. Marked individual differences in be- 
havior and in the graphic records show, moreover, that the discrimination, 
simple as it seemed to be, was a function of the total individual and not 
of this or that muscular sensation. 


* J. Boeke, Die doppelte (motorische und sympathische) efferente Innervation 
der quergestreiften Muskelfasern, Anat. Anz., 44, 1913, 349. 

* A. Agababow, Die Innervation des Ciliarkérpers, Anat. Anz. 8, 1893, 555. 

* J. Boeke, On the termination of the efferent nerves in plain muscle-cells, and 
its bearing on the sympathetic (accessory) innervation of striated muscle-fibre, 
Proc. Roy. Acad. Amsterdam, 17, 1915, 982. 
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THE PATH OF SEEN MOVEMENT AS A FUNCTION OF 
THE VECTOR-FIELD 


By J. F. BRown and A. C. Votu, University of Kansas 


Systematized sciences like physics proceed by subjecting constructed 
mathematical theory to the test of critical experiment. These mathematical 
theories have two outstanding characteristics. In the first place, they in- 
tegrate the various phenomena within a given range so that these may be 
deduced from the theoretical postulates. In the second place, they lead to 
predictions which may be experimentally tested and which are not de- 
rivable from common-sense experience. We hope in this paper to demon- 
strate that mathematical theories for psychology may be devised which 
show exactly these advantages. 

Our point of departure is the field-theoretical mode of attack in psy- 
chology.? The field theory regards movement in all dynamic systems to be 
determined both in its rate and in its direction by the structure of the total 
field. This thesis means that no movement is locally instigated and leads 
to definite implications regarding the nature of the force concept in scien- 
tific theory. The force concept used in field theory has the nature of a 
vector. The path of movement in any dynamic system is determined by 
the vector-field of that system. The present paper will demonstrate this 
principle for the path of the movement of both real and apparently moving 
objects. 

A great deal of work in the fields of action and affection? and in the field of social 
psychology® has indicated the theoretical usefulness of the vector-field concept. Up . 
to the present time, however, no use of this concept has been made in the study of 
visual perception. The phenomena of visual movement offer to us problems where 
the fields are so structured that geometrical rather than merely topological positions 
may be given, so that we metricize the field. It is for this reason that the demonstra- 
tion of the vector-field properties of the visual field is of methodological importance. 

Although several new factual findings of interest to the specialist in vision will 
be reported, our chief immediate interest and emphasis will be the methodological 
issues involved. We shall assume that the visual field functions as a vector-field, 
deduce certain necessary implications from such an assumption, and test the correct- 
ness of these deductions experimentally. If the experiments support the theory we may 


* Accepted for publication December 12, 1936. 

*K. Lewin, A Dynamic Theory of Personality, 1935; Principles of Topological 
Psychology, 1936. J. F. Brown, A methodological consideration of the problem of 
psychometrics, Erkenninis, 4, 1934, 46-61; Towards a theory of social dynamics, J. 
Soc. Psychol., 6, 1935, 182-213; Psychology and the Social Order, 1936. 

? Lewin, A Dynamic Theory of Personality, op. cit. 

* Brown, Psychology and the Social Order, op. cit. 
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consider it useful. If these deductions follow only from the theoretical assumption of 
a vector-field, we may consider the theory necessary. If it is conclusively demonstrated 
that a vector-field theory is necessary for vision, it is more probably correct for the 
fields of action, affection, and social behavior, where at the present time only topo- 
logical rather than metrical positions may be given. 


GENERAL STATEMENT OF THE THEORY 


Certain concepts which have been used in the field-theoretical mode of 
attack must be defined before we develop our theory and report its experi- 
mental verification. 

By the visual field we mean a spatial construct to which the phenomena - 
of visual experience may be ordered. The visual field is a structured 
field when there are differences in intensity at various loci within it. By 
the structure of the field we mean the pattern, or arrangement, or Gestalt 
of the intensity distribution within it. A field-theory supposes that the 
value at any point within the field is a function of the total field-structure. 
We suppose the visual field to be a vector-field. A vector-field is a field 
in which every point is characterized by both a magnitude and a direction. 
By field-forces we mean the forces which produce dynamic processes with- 
in the field. 

We suppose that between all objects in the visual field there exist co- 
hesive field-forces having the nature of vectors. By objects we mean figures 
in the sense of Rubin and the Gestalt-theorists.t The visual field must 
further be thought of as a four-dimensional manifold, having a temporal 
as well as the three spatial dimensions. The strength of the cohesive field- 
forces at any point is a function of the time, space, and intensity dis- 
tribution or structure of the visual field. The effect of the cohesive field- 
forces is to attract the objects and make them come together. All objects 
would flow together were it not for the fact that objects show stability 
properties similar to the inertia of physical objects, Thus besides the co- 
hesive field-forces, C,, C,, C,, etc., we suppose restraining field-forces 
R,, R,, R;, etc. The restraining field-forces are also functions of the dis- 
tributions of time, space, and intensity in the visual field. Physiologically 
it is quite probable that the restraining forces are largely retinally con- 
ditioned, while the cohesive forces are largely centrally conditioned. In 
the present paper, however, we shall not be concerned with the physiologi- 
cal correlate of either type of field-force.5 


* Objects correspond to areas of retinal excitation in the physiological sense and 
to differences in light intensity in the world about us. In this paper, however, we 
shall not be concerned with either the physiological or physical implications of the 


eory. 
*W. Kohler, Die physichen Gestalten in Rube und im stationaren Zustand, 1920. 
KG6hler attempted a physiological field-theory of what we have called restraining 
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From the work of Wertheimer,’ we must suppose that the magnitude of the co- 
hesive vectors between two objects increases with a shortening of the time-interval 
between them until the stage of optimal movement, where this magnitude reaches a 
maximum. With further decreases in the time-interval the magnitude of the cohesive 
vectors must decrease, becoming equal to the restraining forces at the time-interval 
for perceived simultaneity. The nature of this functional dependence is shown in 
Fig. 1. No absolute time-intervals are plotted because, as Korte showed,” the vector- 
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(In this and in the following figures the letters used symbolically for vectors are 
overscored. In the text they are printed in boldface.) 


magnitude of the cohesive forces is a function of the s (space) and / (intensity) 
distributions in addition to the time distributions. Consequently for the present we 
will consider only relative time-intervals. The graph gives on the abscissa the ap- 
proximate ordinate values for the successive stages of movement according to Wert- 
heimer. 


Our next step is to predict what the behavior of the visual field will be 


in a vector-field with constant restraining and with variable cohesive field- 
forces. If for the combined restraining vectors we write {R, and for the 


forces. The restraining forces allow us to account for stability of contour and of 
position, the figural properties (in Rubin’s sense) of objects, and boundary phe- 
nomena. The cohesive forces are posited to account for movement-phenomena and 
en of Gestalt nature. 

*M. Wertheimer, Experimentelle Studien iiber das Sehen von Bewegung, in Drei 
Abhandlungen zur Gestaltheorie, 1925. 

ong Korte, Kinematoscopische Untersuchungen, Zsch. f. Psychol., 72, 1915, 194- 
196, 


=) 

| 

|? 


546 BROWN AND VOTH 


combined cohesive vectors we write ¥C, the following generalized field 
conditions may occur: 

(1) > =C 

(2) = =C 

(3) 3R < =C 

In this paper we will be concerned only with equation (3), where we 

suppose movement in the visual field. We shall predict the movement path 
from the structure of the vector-field. 


}.--- Adjustable disTance 


Adjustable distance 


Adjustable 
dperture 


Turntable 
breaks 
current lights 


Adj usta e molor-~ 


Fic. 2. SCHEMATIC DESCRIPTION OF THE APPARATUS 


APPARATUS AND EXPERIMENTAL CONDITIONS 


In order to test the correctness of our hypothesis for both real and apparent move- 
ment, it was necessary to construct an apparatus which would allow the presentation 
of stationary or moving stimuli, at optional time-intervals or velocities, at varying 
intensities and at varying spatial positions. The apparatus is shown schematically in 
Fig. 2. It consists of a wooden wheel, 18 in. in diam., which may be rotated by an 
electric motor. Attached to the wheel are 4 wooden arms, each of which may be 
displaced angularly about its point of attachment. Thus any two adjoining arms may 
be brought together. The distance from the end of each arm to that of its opposite is 
36 in. Along these arms, placed in adjustable grooves, are flashlight bulbs encased 
in small light-tight cardboard boxes. These lights may be moved in the grooves to 
bring them to any desired positions. Tin reflectors throw the light on milk-glass 
plates. In front of the milk glass are placed adjustable shutter-type diaphragms. Thus 
the size of the stimuli may be varied from a pinpoint to 1 in. The intensity of illumi- 
nation may be cut down by rheostats in the circuits of the lights. The light circuits are 
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made and broken on a turntable, which is run by a phonograph motor at a speed 
controlled by a brake on the governor. By arranging special sequences of conducting 
and isolating surfaces on the turn table, the 4 light stimuli may be given for chosen 
durations and in chosen sequences in practically any desired spatial relationship. They 
may further be given at rest, or in movement by rotation of the large wooden wheel. 
The apparatus consequently allows a very wide range of variation in the spatial 
structure and temporal relationships of the visual field. 

In the following descriptions of experimental conditions, A, B, C, and D will re- 
fer to the 4 light boxes as shown in Fig. 2. AB, AC, BC, etc., will represent the 
distances separating the mid-points of each. AB, AC, BC, etc., will represent the 
vectors (cf. above) in the visual field where the sequence of letters will represent 
the direction. Ta, Ts, etc., as above, represent the duration of A, B, etc., as stimuli, 
while Tas, etc., represent the time-intervals between the presentation of stimuli. . 
Since we shall be concerned chiefly with very small time-intervals these will be ex- 
pressed in milliseconds. When we are concerned with real movement, Va, Vz, will 
represent the velocities of A, B, etc. 

The light boxes A, B, C, D, were duplicated on adjustable grooved arms and 
with adjustable apertures to allow objective comparison of the displacements of 
movement paths with a static field. The light boxes for comparison will be called 
Ac, Be, Ce, De. The general experimental procedure was to allow S to adjust Ac, Be, 
and De to phenomenal identity with the certain points of the path of movement as 
perceived in the field of the main apparatus. The experiments would have been 
somewhat more elegant, if the comparison apparatus had been able to produce the 
apparent movement paths rather than points within them. Undoubtedly such an 
apparatus could be built, but it would be an expensive and technically difficult 
procedure. For our immediate purposes static comparison furnished results which 
may be considered sufficient experimental corroboration of our hypothesis in its 
present form. 

In the main body of the experiments one of the writers (Brown) with the assist- 
ance of Professor Guido Beck* outlined the field-conditions of the experiments to the 
third (Voth). The field-conditions were suggested by the theory and certain previous 
experiments of Brown.’ The experiments reported in this paper were performed by 
Voth on himself and another S. Both Es were completely ignorant of the mathe- - 
matical theory and predictions until after the chief experimental series had been 
concluded. All of the phenomena have also been observed by the other writers and 
several other Ss. Since the chief experiments were performed without knowledge 
of the predictions, there is no chance of the results being the results of ‘stimulus- 
error.’ The first experiments (those on apparent movement) were very carefully 
controlled for eye-movements, practice, time errors and space errors. When it be- 
came obvious that none of these factors had any appreciable effect on the experi- 
mental results at the present level of investigation, these controls were dropped in 
the interest of undertaking additional variations in the field-structure. 


* Professor Beck, now of the Department of Physics, University of Odessa, 
U.S.S.R., aided us in the mathematical formulation of the theory. We are deeply 
indebted to him for his many valuable suggestions. 

* J. F. Brown, The perception of visual velocity, Psychol. Forsch., 14, 1931, 199- 
232; On time perception in visual movement fields, sbid. 233-248; The thresholds 
for visual movement, ibid. 249-268; On the effect of field structure on the duration 
of the movement after-image, ibid. 16, 1932, 171-175. 
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EXPERIMENTS ON APPARENT MOVEMENT 


Our first experiments were concerned with the path of apparent visual 
movement. We attempted to deduce the path of apparent visual move- 
ment from the vector-field under conditions where the cohesive field- 
forces vary with the time-interval between the successive presentations of 
the stimuli. 


For illustrative purposes consider a field with 4 objects A, B, C, D (Fig. 3). 
Such a situation would be given by 4 light stimuli in an otherwise dark room. Be- 


Fic. 3. FIELD FORCES IN A STABLE VISUAL FIELD 


tween all these objects we have posited cohesive field-forces of a vectorial nature 
as indicated in Fig. 3. When all the objects are shown simultaneously, however, no 
movement is experienced, so we must posit restraining field-forces to balance the 
others. These restraining forces are also indicated in Fig. 3. In all of the following 
deductions we shall characterize the cohesive vectors and their directions with the 
symbols AB, AC, AD, BC, BA, etc. Thus AB means the cohesive field-force be- 
tween A and B in the direction AB. In Fig. 3, AB = BA = BC, etc., and AC = 
CA = BD, etc. Let us now consider changing the relative values of the various 
vectors. One of the ways in which a change can be made is to present A, B, C, D 
successively and in that order instead of simultaneously. From our theory as founded 
on Wertheimer’s work, we then must suppose that the values AB, AC, etc., will 
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depend on the values of Tas. From Fig. 1 we conclude that, as we decrease the 
time-intervals between the appearance of A, B, etc., from the value L to the value O, 
we must increase the values of AB, BC, etc. Since the visual field is being treated 
as a four-dimensional manifold where there are cohesive field-forces between all 
objects in the field, all the vectors will ¢xist with successive presentation, but will 
no longer be equal, and will depend for their relative magnitudes on the intervals, 
Tas, Tac, etc. This follows in successive presentation because Tan is greater than 
Tac, which is greater than Tas, no matter what the absolute time-intervals involved. 
Consequently we may disregard certain vectors because they will be second-order 
magnitudes as compared with others. 

Thus when Tas has the approximate value O in Fig. 1, the vectors AB, BC, CD, 
DA will be large as compared with AC, BD, CA, DB, and very large as compared 
with AD, BA, CB, DC, as is shown in Fig. 4A. 


A 


Fic. 4. (A) GENERALIZED VECTOR-FIELD WHEN Tas> Tac> Tan; (B) VECTOR- 
FIELD AT A DEFINITE TIME MOMENT 7: 


Broken lines indicate resultant movement path. 


For purposes of exposition we have so far neglected the factor of the vector- 
magnitude for definite moments of time. We must not forget that we are dealing with 
the temporal succession of A, B, C, D, in that order. Although Tas = Txzo, only 
certain vectors will have to be considered for any given moment of time, t:. We are 
not able to give the actual physical time for any given phenomenal perception be- 
cause we do not know the time between the presentation of the stimulus and its 
perception. We do know, however, that at some definite physical time, t:, the vector- 
field will be characterized as in Fig. 4B and we shall only have to consider the 
vector AB. Here we neglect the vectors of second and third order magnitude (AC 
and AD, for instance) and also the other vectors of first order magnitude (BC, for 
instance) which will appear at later time moments, te, ts, etc. Furthermore, since 
we are dealing with the situation ZC > =R, we may for first orientation neglect 
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the restraining field-forces. For such a situation we predict that the path of move- 
ment for a succession of the time moments ti, ts, ts, etc., will be along the sides of 
the square ABCD and in the same direction. 

While we have ignored the other vectors for the purposes of predicting the 
direction of the path of the movement, they still must be of influence. This relation 
is shown in the length of the path. If for optimal movement the ZC force is maxi- 
mal, the attraction between objects will also be maximal. Consequently they will 
appear nearest together for this time-interval. The length of the side of the square 


B 


Fic. 5. (A) Vector-FIELD WHEN AB = AC For A DEFINITE TIME MOMENT, t:; 
(B) Vector-FiELD aT Four DiscRETE TIME MOMENTS, ti, tz, ts, ts, IN CLOSE 
SUCCESSION 


Broken line indicates resultant movement path. 


should hence be minimal, when the movement along it is optimal. We know this to 
be true for two objects in the field from the experiments of Scholz.” So far we have 
shown our theory to account for previously discovered facts of apparent movement. 

A successful mathematical theory accounts not only for the known facts but makes 
predictions, which may be tested in experiment and which may not be deduced from 
common experience. If we further decrease Tas, Tac, we must reach a point where 
AB will equal AC. This consequence can be seen by reference to Fig. 1. If the 
value of AB is located between O and Q, the value of AC will be located between 
O and L. There must be a definite time-interval, Tas, where these vectors will be 
equal or will approximate equality. Under these field conditions we may no longer 
ignore AC, BD, CA, DB. This situation is indicated in Fig. 5A. If the visual field 
acts as a vector-field, in this case we must consider the addition of the vectors AB 
and AC and their resultant AX. Here again, however, for any definite moment of 
time, only certain vector resultants must be considered. For a sequence of time 
moments ti, tz, ts, etc., the integration of the path of movement must be a circle, 
because at subsequent time-moments the vector-situation at subsequent points of the 
field must be taken into consideration. This is shown for four successive time-intervals 
ti, te, ts, t,. (Fig. 5B.) At t: we consider AB a little larger than AC, and that AC 
increases relative to AB for t,, ts, and ts. The drawing is simplified, because at t, BD 
is already probably of influence. The solid figures give the physical positions of the 


*” W. Scholz, Experimentelle Untersuchungen iiber die phinomenalle Grisse von 
Raumstrecken, Psychol. Forsch., 5, 1924, 219-272. 
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stimuli, the dotted figures the apparent positions of the moving object at the times 
ti, te, ts, ts. The dotted line shows the continuation of predicted positions for suc- 
ceeding time-moments. Consequently with decrease in Tas, the movement should 
become circular. Furthermore when AB = AC, the magnitude of the resultant vector 
will be greater than either of them and tend to be in the direction between them. 
Consequently when we perceive circular movement, ZC will be at a maximum and 
the path will be at a minimum. 

From the above considerations it should be easy to see that with continuous de- 
crease in Tan, between the field-conditions giving the path on the sides of a square 
and those giving the circular path, there will be a situation where AB > AC, but 
where AC must still be considered. In this case the resultant path will be a square 
with curved sides. 

From our theory we hence predict that continuous decrease in the time- 
interval, between successively appearing stimuli marking the corners of a 
square will result in the perception of movement along the sides of the 
square, followed by curved movement along the sides of a square, finally 
approaching movement in a circular path. Furthermore the path will ap- 
proach minimal length for optimal circularity of movement. 

Table I and Fig. 6 give the results of our test for the path of apparent 
movement that is created by shortening the time of presentation and the 


TABLE I 
EXPERIMENTAL VERIFICATION OF THE HypoTuesis FOR Four LicHTs 


TA=TAB=TB, etc., in ms. AB=BC=CD=DA=6 in. Aperture of A, B, C, D=} in. 
A.B.= average adjusted side of comparison square. Values of A,B, and AD in inches. 


TA 


300 ms. 250 ms. ‘ 150 ms. 100 ms. 50 ms. 


A.B, 6.06 5.62 5.03 5.99 
AD 0.15 0.20 0.18 0.12 


A.Be 6.53 5.95 : 5.80 : 5.92 
AD 0.39 0.18 ‘ O.11 , 0.06 


Mean (V+G) 6.28 5.78 5.41 5.95 


Prevalent type Partialon Optimal on Optimal Optimal Partial Simulta- 
of movement side of side of with some with simulta- neity 
square square circularity optimal neity, 
circularity c 

time-interval between successive presentations of four stimuli arranged at 
the corner points of a square. The four lights with diaphragm apertures 
of 4 in. were arranged at the corners of a square with sides of 6 in. The Ss 
adjusted the sides of the comparison apparatus to phenomenal equality 
with the experimental apparatus for each value of T,. A.B, gives the aver- 
age length of the adjusted sides of the square in inches. T,, Tas, etc., are 
expressed in ms. (milliseconds). The results are given for 8 adjustments 
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each on two Ss for each of the time-relationships. The average deviations 
are also given as a measurement of the accuracy of the judgments, As in- 
dicated above neither of the Ss was cognizant of the theoretical predic- 
tions. One of the writers and several other control Ss have also verified 
the gross changes in movement path with decreasing T,. This is also shown 
gtaphically in Fig. 6, where the ratio A,B,/AB allows comparison of the 
apparent shrinkage. In Table I, the row marked “Prevalent Type of Move- 
ment” gives the phenomenal description of the movement for the various 
_.yalues of T,. It will be seen that with successive decrease in T, first partial 
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Fic. 6. APPARENT SHRINKAGE IN DIAMETER WITH Four-LIGHT CONFIGURATION 
(AcBc/AB = ratio between comparison and experimental apparatus) T = time 
interval between disappearance of A and appearance of B. 


movement on the sides of a square is seen, the movement then becomes 
optimal with decrease in length of the sides, tends next toward circularity 
and finally, becomes circular at the point of greatest apparent shrinkage. 
With further decrease in the value of T,, the perception is that of simul- 
taneity of the four points with an increase in apparent diameter. The 
experiment fulfills our prediction in the every detail.11 Comparison of Fig. 
6 with Fig. 1 indicates the reversal of these curves expected by the theory. 


“There were some slight differences between the individual observers in the 
phenomenal descriptions of the path at the various time-intervals. There also seem 
to be some day-to-day fluctuations in these. The point to be made is that it is pos- 
sible under certain conditions to create the predicted sequences. 


] 

| 

tl 

F 

te 


THE PATH OF SEEN MOVEMENT 553 


In previous papers one of the writers showed that the general property 
of gestalt transposability holds for visual movement fields.1? If one trans- 
poses the size-relationships of all the dimensions in the visual movement 
field, the velocity-relationships must also be transposed in order that 
phenomenal identity of movement may ensue. The question immediately 
arises as to the transposability of the path of apparent movement. Table II 
gives the result of such a test where all the dimensions of the visual field 
are doubled. It is seen that for like time-intervals, the path of apparent 
movement also transposes when the size-relationships are doubled. This 
fact is perhaps most clearly seen in the dotted line of Fig. 6, which plots 
the A,B,/AB-values for the enlarged field. The values of these two ratios 


TABLE II 
Same as I Execpr tHat Att Drvensions Arg DouBLep 


TA 


300 ms. 250 ms. 200 ms. 150 ms. 100 ms. 50 ms. 


A.B. 11.67 10.83 10.84 10.55 11.60 12.12 
AD. 0.35 0.24 0.22 0.23 0.32 0.12 


A.Be 12.06 11.70 11.06 11.00 11.70 11.57 
AD. 


0.87 0.48 0.32 0.25 0.22 0.27 
Mean (V-++G) 11.86 11.27 10.95 10.77 11.65 11,84 


Prevalent type Nomove- Partial Optimal Optimal Optimal Simul- 
of movement ment,i.e. on side onside withop- to partial _taneity 

succession of square of square timal with less 

circularity circularity 

are almost identical. A further test with quadrupled dimensions gave 
results equally striking. These results are shown by the broken line in Fig. 6. 
These transposition experiments may also be looked on as verification of 
our hypothesis by repetition. 

As further controls, the experiment was repeated with two. lights A and 
C, arranged at the end-points of an imaginary line and with the three 
lights, A, B, and C, arranged at the points of an imaginary equilateral 
triangle. The transposition experiment was also performed for each of 
these configurations. The chief results and the exact conditions are given in 
Fig. 7 for the two-light experiment and in Fig. 8 for the three-light 
experiment. Here again the theory is completely verified both with regard 
to the shape and length of the movement path. 

Consequently our hypothesis may be looked on as verified. It is our 


* Brown, The perception of visual velocity; On time perception in visual move- 
ment fields; The thresholds for visual movement; op. citt., footnote 9. 
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further claim that this hypothesis plays the same réle in our procedure 
as do the hypotheses of mathematical physics: it integrates known phe- 
nomena and leads to predictions not deducible from common experience. 

Since our hypothesis is to be looked on as promising, the next step is to 
check it further by attempting to deduce the movement-paths of apparent 
movement for a wide variety of different stimulus-configurations. In the 
following experiments, the predicted paths have been verified only by 


Simuloneily To 
Succession 


SimulTaneiTy 
ParTial 
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0.300 


0.850 


50ms. 100ms. 150ms. 200ms. 250ms. 300ms. 


Fic. 7. APPARENT SHRINKAGE IN DISTANCE BETWEEN A AND C FOR A TWO-LIGHT 
CONFIGURATION 
(Cf. Fig. 6. Solid line: A = C = 1/4 in.; AC = 10 in. Broken line: A = C = 1/2 
in.; AC = 20 in.) 


paper and pencil and verbal description.’* At a later time they should be 
checked by a more precise psychophysical method. Since in every case 
the theoretical prediction was verified, the only possible inaccuracy could 
be in the amount rather than the direction of the change in path. It is our 
belief that, in opening up a new field of investigation, many crude varia- 


* By paper and pencil description, we mean that S was asked to draw what he had 
seen, relative to the fixed lights after the experiment. By verbal description, we mean 
5S’s description of the path during the experiment. 


j 

—AcCc 

q AC 

1,100 

1.050 

/ 
4 

id / 

1.000 / 

/ 
/ 
i 4 
| 
4 


THE PATH OF SEEN MOVEMENT 555 


tions in the experimental conditions will be more conducive to productive 
science than the most precise investigation of but few. All of the results 
reported were agreed upon by at least 3 Ss, of whom one at least was 
ignorant of the problem and theory. 


Effect of change in spatial distribution. The direction of the vectors in the visual 
field is determined by the spatial distribution of the objects. If we decrease the dis- 
tance BD, making the figure ABCD a diamond instead of a square, the resultant 
vector AX will be nearer AC in its direction than in the case of a square. The 
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Fic. 8. APPARENT SHRINKAGE IN SIDES OF A TRIANGULAR CONFIGURATION 
(Cf. Fig. 6. Solid line: A = B = C = 1/4 in.; AB = BC = CA = 6 in. Dotted 
line: A = B = C = 1/2 in; AB = BC = CA = 12 in. Broken line: A= B= 

C= 1 in.; AB = BC = CA= 24 in.) 


integration of the movement-path should here result in an ellipse. In an experiment, 
where AC = 18 in., BD = 9 in., the diaphragm apertures on A, B, C, D = 14 in, 
and Tas = Tas = Ts, etc., = 150 ms., the resultant movement-path was an ellipse 
seen well within the corner points of the diamond ABCD. 

If only the lights A, D, C are given in the continuous sequence ADCDA, etc., 
we should expect a semi-circular path. Under the conditions AD = DC = 6 in, 
with the diaphragm-apertures on A, B, C, D = 4 in., and Ta = Tap = Ts, etc., 
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= 150 ms., a semi-circle is exactly what we get. This experiment was particularly 
interesting because the phenomenal impression of movement was like a pendulum 
with its greatest velocity around the point D and a decreasing velocity toward either 
side. 

So far we have been dealing with symmetrical configurations and a possible (if 
far-fetched) criticism of the theory might be made with the supposition of ex- 
periential and expectation factors. Several experiments were performed where the 4 
lights, A, B, C, D, were arranged in very asymmetrical patterns. In every case the 
resultant path was that predicted from the vector-analysis. 

The magnitude of the vector must also depend on the distance separating the 
“objects. Increase in distance, ceteris paribus, should decrease the magnitude. If we 
increase the distance BD to 36 in., leaving AC = 18 in., we again get an elliptical 
path similar to the one already described. This result ensues because AB is greatly 
decreased over and against AC. When Ta = Tas = Tac = 150 ms. we get an 
ellipse in which the movement is seen to pass under B and above D. B and D, 
however, appear momentarily. Consequently, we have here a completely valid argu- 
ment against the possible criticism that apparent movement is a ‘mental’ phenomenon 
created by perceptual identification of the same object in different positions.” 

We performed many other variations of this type of experiment which we can- 
not report because of limited space. In every case we were able to predict the gen- 
eral shape of the curve from the vector theory. We may conclude that the direction 
of the path of apparent movement is a function of the spatial separation and po- 
sition of objects in the visual vector field. 

Effect of change in intensitive distribution. From the theory, decrease in intensity 
at points B and D should also create an elliptical path, because the strength of the 
vectors AB and CD will be relatively weak compared with AC and CA. This re- 
lation was demonstrated in two experiments. AB = BC = CD etc., = 9 in., and 
Ta = Tas = Ts etc., = 150 ms., and diaphragm aperture A and C = Y, in. for 
both of these cases. In the first experiment, the apertures of B and D = 1% in. In 
the second the apertures of B and D = 1% in. In both cases the path was elliptical. 
The small axis of the ellipse was considerably less in the second case. Numerous 
other changes in intensive distribution were undertaken with comparable success in 
prediction. We conclude that the movement-path is a function of the intensitive dis- 
tribution of the visual vector-field. 

In recent years a whole series of investigations have shown that the mechanisms 
underlying real and apparent movement are, if not identical, very similar in nature.” 
If our theory is correct it must be possible to find situations where the path of real 
movement will be influenced by the vector-field. We consider the theory proved fér 
apparent movement and turn to the problem of real movement. 


EXPERIMENTS ON REAL MOVEMENT 


Certain properties of perceived real movement, most notably its velocity, 
are generally known to be functions of structure of the visual field.1¢ Here 


* Wertheimer, op. cit., of course showed such an explanation impossible as long 


ago as 1912. 
* Cf. K. Koftka, Principles of Gestalt Psychology, 1935, 280-304. 
* Cf. Brown, The perception of visual velocity, op. cit. 
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we shall be concerned with the direction and length of the path of actually 
moving objects. 


If our thesis is correct that every object in the visual field exerts cohesive field- 
forces on every other object separated from it either spatially or temporally, then 
the path of an actually moving object must be affected at any given time-moment by 
its previous positions in space. The object must be drawn to its previous positions 
by the cohesive field-forces of a vectorial nature, such as we have posited to account 
for apparent movement. The strength of these forces will again be a function of the 
time-interval between t: and ts for any spatial. positions, s: and s,. Since, in the case 
of actually moving objects, the t and s values are functions of the velocity (v= s/t), 


Vector, created by. 


real movemen 


Fic. 9. DIisPLACEMENT IN PATH OF CIRCULAR MOVEMENT 


(Solid line == actual movement; broken circle = apparent position of B; broken 
line resultant path of B.) 


we may suppose the cohesive field-forces to be a function of the velocity. Consequently 
we predict that, within limits, increase of velocity will increase the value of the 
cohesive field-forces in the direction of previous positions.” We suppose here, of 
course, field-forces in the direction of movement, forces conditioned by the actual 
retinal displacement and considerably stronger than the cohesive field-forces drawing 
the object back to previous positions.” We should be able, however, to find situations 
where the path of the movement should be influenced by the previous positions of 
the object and be a function of the time-interval between the present position and 
the past position. Such a situation occurs in circular movement. We should expect 
that the apparent diameter of a circular path described by a moving object should 
decrease (within limits) with increase in its velocity. That this change should follow 
from the vector-situation is illustrated in Fig. 9. For convenience of illustration let us 


” The on of course, being determined by the function, C = f(T), as indi- 
cated i in Fig. 1 
* Otherwise perceived movement would be backward. Actually, of course, it is in 
the direction of the real movement. 
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consider only an arc of about 90° of the actual movement. In moving from position 
A to B, the object moves on the physical path indicated. Position A, however, exerts 
an attractive influence on the object-position, B (shown by the vector BA). The 
strength of this vector is a function of the velocity. Shortening the time-interval be- 
tween ta and ts by increasing the velocity should increase this vector. 


This result is easily demonstrable in experiment. We used two situations. 
In the first the single light A, with diaphragm aperature 14 in. was rotated 
in a circle of radius of 9 in. The Ss were asked to compare the diameter of 
the circles thus traversed at 120°/sec., 180°/sec., 225°/sec., 300°/sec., 

450° /sec., and 900°/sec. Three Ss took part in this experiment and agreed 
that there was a consistent comparative shrinkage of the apparent diameter 
from 120°/sec. to 450°/sec., so that the apparent diameter of the circle 
was roughly only two-thirds the size at 450°/sec., which it was at 120°/sec. 
At 900°/sec. fusion was noted and there was some perceptual increase in 
apparent diameter of the circle. At 900°/sec. the cohesive field-forces are 
evidently already past their maximal magnitude. This stage would cor- 
respond theoretically to the stage of simultaneity in apparent movement. 
Actually, of course, there is a perceptual, as well as this theoretical, simi- 
larity between fusion and simultaneity. A repetition of the experiment with 
the four lights, A, B, C, D, gave similar results. A variant on this experi- 
ment is to accelerate the velocity of the object moving on the circular path. 


From the theory it is quite obvious that the movement should appear to 
spiral inwardly. This pattern was also observed in experiment. We may 
conclude that the path of real movement is a function of the time and space 
distribution of the visual vector field. 

More exact experimentation on real movement was postponed in order 
to test our hypothesis with combined real and apparent movement. 


EXPERIMENTS IN A FIELD OF REAL AND APPARENT MOVEMENT 


The advantage of showing our theory to hold for a field of both real and 
apparent movement is two-fold. In the first place the two types of move- 
ment are seen simultaneously or practically so, hence any phenomenal differ- 
ences between them should be noted.® Secondly, we should be able to 
show that the vector-field of real movement influences the vector-field of 
apparent movement. If this relation is demonstrated we may suppose that 
the perceived identity of real and apparent movement is no phenomenal 


* At this point we may state emphatically that no such differences were noted. 
Although much work of both a theoretical and an experimental nature point to the 
identity of real and apparent movement, we believe that the experiments now to be 
reported are particularly striking evidence. In the rimental situation with real 
eet. Ss ignorant of the objective situation per: pss distinguish the two types 
of movement. 
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coincidence, but that the underlying mechanisms of both are at least similar 
enough to be treated in terms of a unitary field-theory. If the theory we have 
developed for the path of real movement and apparent movement is correct, 
then the path of a real moving object should affect the path of an immedi- 
ately subsequent apparent movement in a way which may be deduced from 
the theory. When an object A moves through the arc of a circle, disappears 
for some time interval, and the same real movement is repeated by an 
identical object B, we have such an objective situation. The path of the real 
movement will be affected (as shown in the last section) by its velocity and 
will exert a cohesive field-force on subsequent configurations. This field- 
force may be expressed as a function of its velocity. The reappearance of 


Fic. 10. VECTOR-FIELD FOR REAL AND APPARENT MOVEMENT 
(Solid lines = momentary situation; broken lines = previous real movements of A.) 


an identical object B, at the place of the first appearance of the object A 
after the time-interval, will give rise to a cohesive field-force in the direc- 
tion between the end of the original path and the initial position of the 
secondary path. This cohesive field-force will be (as was shown in the 
section on apparent movement) a function of the time-interval between 
movements. The structure of the vector-field at the moment of the appear- 
ance of B is given in Fig. 10. The arc BA has just been traversed by A, 
when after an interval T,s, B appears. The field-forces acting on A will be 
two vectors; the one in the direction AC (i.e. the tangent to the arc at A) 
is a function of the velocity of A and (within limits) increases with it; 
the other is in the direction AB and within limits decreases with the time- 
interval T,,. We must expect the resultant apparent movement from A to 
B to follow a path which is given by the addition of these vectors. In one 
limiting case, when V, is such as to give maximal strength to the vector AC, 
the path of the apparent return movement will approach the path of the 
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original real movement,?° that is to say, it will be curvilinear. In the other 
limiting case, when T,x is such as to give a maximal value to the vector AB, 
the path of the apparent return movement will be in the direction AB, 
that is to say, it will be along the straight line AB. For the intermediate 


TABLE III 
ExperIMENTAL Proor or DepucTION FoR REAL AND APPARENT MoveMENT 


Arc of real movement = 45°. V4 = velocity of A in °/second. T,n=time interval between A 
and B in ms. At 300°/second, 450°/second, the apparent diameter of the path of real 
movement contracts. 


Description of apparent movement 
Pure on straight line 
Partial movement slightly curved in direction of real arc 
Partial to optimal, more curved in direction of real arc 
; Optimal nearly on arc 
450° /sec. Optimal on arc 
values of AC and AB, the path will approach linearity or circularity, de- 
pending on the vectorial addition of the values AB and AC. 
This thesis is completely verified in the following experiment.?! The 
light A is allowed to run through a 45°-arc and, after the time interval 


VVVV9 


Fic. 11. PAPER AND PENCIL DRAWINGS OF PATH OF MOVEMENT 
(Solid lines indicate real movement; broken lines, apparent movement.) 


Tas, the light B runs through the identical arc. Table III shows that, as the 
velocity of A and B increases from 150°/sec. to 450°/ sec., the nature of 
the apparent return movement changes from a pure phi-movement along a 
straight line to an optimal movement along the arc of a circle. The verbal 
descriptions of the apparent return movement are completely corroborated 


* The direction of the vector caused by the preceding real movement is determined 
by the tangent to the circle and will change its direction with it. 
Similar experiments without the same theoretical background are reported in 
Koftka, Kleine Mitteilungen aus dem Psychologischen Institute der Universitat Gies- 
sen, Psychol. Forsch., 2, 1922, 144-155. 
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by the paper and pencil drawings of 3 Ss for the various velocity values 
which are given in Fig. 11. The drawings are made by smoothing and 
averaging the actual drawings of the 3 Ss. The apparent shrinkage in the 
diameter of the real movement which should follow from the theory is 
illustrated again very strikingly here. 

For technical reasons, the time T,, had to be varied inversely with the 
velocity V, in the last experiments. This relation resulted in the fact that, 
for low velocities, T,, was necessarily high and the quality of the return 
movement along the straight line was poor, because the value of the vector 
AB was relatively weak (i.e. fell well under point 0 in Fig. 1). When the 
experiment was repeated for the same conditions except that the value Ty, 
was in every case reduced to half, the return movement along the straight 


TABLE IV 
ExpERIMENTAL Proor or DepucTION FOR REAL AND APPARENT MOVEMENT 


Length of real arc =67.5° 
Tas Description of apparent movement 
150 ms. Pure on straight line 
125 ms. Optimal on straight line 
100 ms. Optimal, slightly curved 
75 ms. Optimal, more curved 
50 ms. Optimal on arc 
line was as striking as that along the circle. This experiment is given in 
tabular form in Table IV. 

As a control the experiment was repeated with arcs of 135°. The results 
were the same. We also found that transposition of all the dimensions of 
A and B, and AB, to double and half their original values gave like results 
for equivalent values of T,, and V,. Several other variations in this expeti-- 
mental set-up were undertaken with results which in every case confirmed 
the theory. 

We conclude that 4 unitary vector-field theory allows us to explain the 
paths of both real and apparent movement in visual fields where both 
occur. 

THEORETICAL IMPLICATIONS 


Physiological. It is scarcely necessary to point out that the experiments 
reported in this paper support completely the view first presented by Wert- 
heimer*? that the optic system acts as a whole and not in isolated parts. It 
is, however, worth emphasizing that these experiments have, we believe, 
rather precise implications for the nature of the physiological processes un- 
derlying visual perception. Supposing our theory to be correct, it follows that 


* Wertheimer, op. cit. 
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there are no phenomenal space values which may be considered as solely 
conditioned by retinal position. Consequently even highly modified types 
of ‘local-sign’ theory may not be considered in the future. This follows 
from the fact that a given locus in phenomenal visual space is always to be 
considered as a function of the vector-field. The vector-field in its turn (at 
least with regard to the cohesive field-forces) is to be understood at a 
physiological level only as a central mechanism. If there is only one point 
of retinal excitation, it is well known that the phenomenal space value 
fluctuates independently of the position of retinal excitation (the auto- 
kinetic phenomenon). As soon as two points ate given, cohesive field- 
forces of a central nature develop and the phenomenal locus depends on 
them. We must conclude that no spatial values in visual perception are 
locally determined but that all are functions of the visual field-structure, 
which physiologically must arise in the whole optic mechanism. 

If we are right in supposing that the cohesive field-forces (as opposed to 
the restraining field-forces) arise centrally, we may suppose that the optic 
system behaves like a structured field of a vector-field nature. Furthermore 
we must posit that this field is continuous. Continuity is shown in all our 
experiments, but most clearly in our experiment on apparent movement 
where movement was seen through the field between points A and C and 
was influenced in its path by B, but appeared to move ander B, not through 
B. Thus we must suppose the configurations of visual perception arise not 
on the basis of neural connections between single points of excitation,?® but 
that the optic mechanism functions as a continuous field. 


A unified theory of action and perception. The chief motivation for 
developing the theory and performing the experiments reported in this 
paper came from the desire to show that a type-theory, which had been 
applied to the fields of action and emotion and social psychology, could 
also be applied successfully to the field of perception. We believe we have 
succeeded. In the field of perception we have the advantage of being able 
to metricize field-values. This is of great methodological value. Although we 
have no complete assurance that exactly the same type of theory will solve 
problems from all the fields of psychology, we should certainly attempt 
to build theories for all investigatory fields on a common basis. From older 
established sciences like physics, we may at least hope that some day psy- 
chology will have a unified theoretical background. We believe that the 
theory developed and the experiments performed in this paper help towards 


* As was accounted for in the tract-hypotheses of the neurone theory and in the 
old telephone-system analogies. 
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this ideal. If a vector-field theory is true for perception, we may at least be 
sure that it is more likely true for action and emotion. Since the theory 
was actually applied. first to action and emotion, its demonstration in the 
field of perception is doubly convincing that we are making real theoretical 
advances. 


Further researches. This paper has been concerned only with the general field 
equation: > =R. 

When =C = &R, we must suppose that stable structured vision without move- 
ment is experienced. From this standpoint many of the factors of Gestalt percep- 
tion, including the geometrical optical illusions, may be deduced. The experimental 
verification of these deductions is being undertaken at the present time and will be 
reported later. 

When =R > XC, we must suppose that the stability of visual perception is again 
upset. Such a situation exists in the well known autokinetic phenomenon. An in- 
vestigation of this phenomenon from the standpoint of the general theory is also 
under way. 

SUMMARY 


A mathematical theory of the visual field as a vector-field of cohesive and 
restraining field-forces is developed. In this paper the correctness and 
predictive value of the theory is shown for the paths of both apparent and 
real movement. In both cases, existing facts were correlated and new facts 
were predicted and later corroborated in critical experiments. 


if 


CONDITIONED DISCRIMINATION: THE DEVELOPMENT OF 
DISCRIMINATION WITH AND WITHOUT VERBAL REPORT 


By Ernest R. HILGarp, Stanford University, ALBERT A. CAMPBELL, Northwestern 
University, and WM. NorMAN SEARS, Yale University 


Discriminatory reactions have always provided data for psychology.’ They 
recently have taken on new importance for psychological theory because 
they s serve as the meeting-ground for diverse systematic positions. A com- 
ptehensive account of human conduct must be concerned both with the 
discriminations obtained in the laboratory and with the social and ethical 
discriminations important in everyday life. Ultimately the differential re- 
actions secured in conditioned response experiments must be brought into 
relationship with these other types of discrimination.® 

Discriminatory reactions have had a central place within the special 
sphere of experimentation and theorizing identified with Pavlov. He was 
always interested in the precision with which his animals could ‘analyze’ 
the environment. The competing processes of excitation and inhibition, about 
which his theories revolved, were nowhere better laid bare than in experi- 
ments in which initial generalization was gradually superseded by differen- 
tial inhibition.* 

The series of experiments, of which the first two are presented in this 
paper, were undertaken first, to determine to what extent the empirical 
‘laws’ of Pavlov hold for man, and secondly, to investigate through the use 
of instructions and verbal reports the psychological correlates of these re- 
actions. The particular problem chosen for study was: What is the course 


* Accepted for publication September 23, 1936. 

* This is the first of a series of investigations concerned with the problems of in- 
hibitory conditioning, supported in part by a Grant-in-Aid to the senior author from 
the National Research Council, and in part by funds from the School of Social Sciences, 
Stanford University. The experiments were performed at Stanford University during 
the academic year 1935-1936. 

G. Boring (The Physical Dimensions of Consciousness, 1933, 222 f.) 
monizes Titchener’s context theory of meaning with behaviorism by pointing out that 
“the meaning is there because reaction is there.” E. C. Tolman and 
Egon Brunswik (The organism and the causal texture of the environment, Psychol. 
Rev., 42, 1935, 43-77) find that they can translate their independent systems into 
common terms because both deal with data from discriminatory reactions. 

* A start towards the experimental comparison of conditioned and other Fog of 
discrimination has been made in connection with threshold measurements. Cf. S. M. 
Newhall and R. R. Sears, Conditioning finger retraction to visual stimuli near the 
absolute threshold, Comp. Psychol. Monog., 9, 1933, 1-25; C. C. Neet, A compari- 
son of verbal, manual, and conditioned-response methods in the determination of 
auditory intensity thresholds, J. Txper. Psychol., 19, 1936, 401-416. 

P. Pavlov, Conditioned Re,.exes, 1927, 110-130. 
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of development of conditioned responses when positive and negative stimuli 
are presented in random order? The two experiments have sought answer 
to this question under different instructions. In the first experiment, no 
verbal responses were called for; in the second experiment, following each 
trial § reported on the stimuli and the responses to them, The required 
discrimination, a differential eyelid response, was perceptually simple. The 
positive conditioned stimulus (i.e. the one always reénforced) was the 
increase in illumination of one of two adjacent windows; the negative 
stimulus (never reénforced) was provided by a similar illumination change 
on the other window. Successful discrimination meant winking to the posi- 
tive stimulus and not winking to the negative stimulus. S had no difficulty 
in determining which window was illuminated ; the changes were well above 
the threshold for all Ss. 

Three possibilities exist with regard to the reactions to be expected to 
positive and negative stimuli presented in the random order of these 
experiments, 


(1) Immediate motor discrimination. Since § does not confuse the stimuli, and 
but one of them is reénforced, it is conceivable that conditioned responses will de- 
velop only to the reénforced member of the pair. The perceptual discrimination is 
immediate; perhaps the motor discrimination will be immediate also. 

(2) Gradual motor discrimination. Pavlov’s experiments would lead one to expect 
initial generalization, conditioned responses developing at first to the negative as 
well as to the positive stimulus. After reaching a certain magnitude or frequency, 
the responses to the positive stimulus might be expected to increase and those to the 
negative stimulus to decrease. 

(3) No motor discrimination. There is no compulsion upon the organism to 
effect a motor discrimination. It is as easy to wink as to refrain from winking; once S 
gives conditioned responses to the positive stimulus he may give them also to the 
negative stimulus and may continue to do so. ; 


Conventional conditioning theory would predict the predominance of the 
second alternative. The réle of verbal factors in human conditioning,® how- 
ever, makes either the first or third alternative plausible. Which of these is 
realized would depend on Ss attitude. 


EXPERIMENT I. No VERBAL REPORT 


The first experiment studies the course of discrimination under citcum- 
stances somewhat comparable to those of investigations with animals. S is 


*H. Cason, The rdle of verbal activities in the conditioning of human subjects, 
Psychol, Rev., 41, 1934, 563-571; G. H. S. Razran, Conditioned responses: An ex- 
perimental study and a theoretical analysis, Arch. Psychol., 28, 1935, (no. 191), 1-41; 
and Attitudinal control of human conditioning, J. Psychol., 2, 1936, 327-337. 
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instructed to be as detached as possible from the stimuli and responses; no 
report or comment is called for, 


Experimental procedure. The apparatus for eliciting and photographing condi- 
tioned eyelid reactions to light reénforced by an air-puff to the cornea was that used 
by Hilgard and Campbell in a study of simple conditioning,* except that in the present 
study alterations were made in the conditioned stimuli. The adjacent windows on 
which the positive and negative stimuli occurred were of flash glass, 10 cm. square, 
at a distance of 40 cm. from S’s eyes. The windows were 2.5 cm. apart. They were 
viewed binocularly. The illumination which served as the conditioned stimulus in- 


TABLE I 


Frequency IN PercenTAGes OF ConpDITIONED Responses TO Positive AND NEGATIVE STIMULI 
on Two Days or ATTEMPTED ConpiTIONED DiscRIMINATION 


All the Ss of Experiment I. The division into groups is based on the discrimination 
shown on Day 2 (last column). 


Frequency of conditioned responses 


Group Day 1 Day 2 


Positive Negative Pos. Positive Negative Pos. 
stimulus stimulus > Neg. stimulus stimulus > Neg. 


I: Gradual dis- 
crimination 


P 
N 
Q 
I 
R 
H 
F 
K 
J 
L 


II: Unsuccess- 
ful discrimi- 
nation 


Mean 


creased from a prestimulation value of 0.3 apparent foot-candles to one of 8.0 ap- 
parent foot-candles. In Experiment I the illumination of the right window was 
regularly followed by an air-puff to the cornea of the right eye, except during test 
trials at the beginning of the first day and at the end of the second day of experi- 
mentation. Illumination of the left window was never followed by the puff of air. 
Hereafter illumination of the right window will be referred to as the positive stimulus ; 
illumination of the left as the negative stimulus. 

Sixteen university undergraduates served as the Ss in this experiment. The right 


’ *E. R. Hilgard and A. A. Campbell, The course of acquisition and retention of 
conditioned eyelid responses in man, J. Exper. Psychol., 19, 1936, 227-247. 
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and left windows upon which illumination changes occurred, and the puff of air to 
the right cornea, were demonstrated to §. He was then told that the lights and air-puff 
would occur sometimes alone, sometimes in combination. Nothing further was stated 
about the sequence. In preparation for the stimuli, § was instructed to close and open 
his eyes at the command ‘Wink.’ This procedure had been found useful by Campbell 
in controlling spontaneous blinking, and assured a good base-line for responses to the 
stimuli.” § was further instructed to be as detached as possible from his responses; 
to attempt neither to wink nor to control his winking, except for closing and opening 
his eyes at the wink signal. He was told that no verbal report would be required of him.* 


Results. Of the three alternatives suggested above, the Ss of Experiment I 
fulfilled the expectancy of two—gradual discrimination, and no discrimina- 
tion. No S satisfied the third alternative of immediate discrimination by 
yielding responses only to the positive stimulus. The frequencies of condi- 
tioned responses to positive and negative stimuli obtained from the 16 Ss 
on each of the two days are presented in Table I. 


The Ss have been divided into two groups on the basis of the discrimination re- 
vealed on the second day, determined by the excess of conditioned responses to the 
positive stimulus over those to the negative stimulus. Each of the 10 Ss of Group I 
shows a difference of at least 3 conditioned responses in favor of the positive stimulus.’ 
None of the 6 Ss of Group II has a difference greater than one conditioned response 
in favor of the positive stimulus on Day 2. The Ss are treated in two groups in order 
to determine, if possible, some of the factors accounting for discrimination or lack 
of it. The division into groups is preferable to the application of correlational tech- 
niques to the data from the small number of Ss. 

The course of development of conditioned responses in the two groups is charted 
in Fig. 1. In both groups the responses to positive and negative stimuli increase 
gradually throughout Day 1;” o.. Day 2 they diverge for Group I but remain together 
for Group II. Even in Group I, the conditioned responses to the negative stimulus 
never fall below the highest value achieved on Day 1. The test trials at the end of the 
experiment (T:) show greater extinction for the responses of Group I than for those 
of Group II. 

In order to determine more precisely the differences within the responses of the 
Ss that may account for discrimination or lack of it, the detailed characteristics of 
conditioned responses on Day 2 are presented in Table II. The second day was selected 
because the larger populations of responses yield more satisfactory measures, and 
evidence of the degree of discrimination is present. 

One of the most striking facts shown in Table II is the close relationship between 


* A. A. Campbell, An experimental analysis of ease of conditioning in man, P4.D. 
dissertation, Stanford University, 1936. 
- ® The addition of verbal report is one of the chief changes introduced in Experiment 

® There were 25 possible conditioned responses to each. The frequencies are ex- 
[oon in percentages rather than in number of responses because of occasional am- 

iguous records which are not counted in determining the percentage frequency. 

* A systematic error in the order of yusitive and negative stimuli is perhaps re- 
sponsible for the lower frequency of mead to the negative stimulus on Day 1. 
These differences on Day 1 may be ignored. 
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the success of discrimination and the interval by which the light precedes the air- 
puff." Of the Ss conditioned at intervals above 400 ms., 5 out of 6 are in the group 
of better discriminators; contrariwise, of the Ss conditioned at intervals below 400 
ms., 3 out of 4 are in the group of poor discriminators. Of the 6 conditioned at 400 
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10 subjects 
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Fic. 1. THE DEVELOPMENT OF CONDITIONED RESPONSES TO PosITIVE 
AND NEGATIVE STIMULI, EXPERIMENT I 


The numbers on the baseline refer to successive trials, half of which were positive 
(reénforced), half negative (non-reénforced). Every point on the curves for Group 
I represents the percentage frequency of conditioned responses among a possible 50 
(5 from each of 10 Ss). Every point on the curves for Group II represents the fre- 
quency of responses among a possible 30 (5 from each of 6 Ss). See text for basis 
of division into groups. Discrimination is shown for Group I by the separation of 
the two curves on Day 2. T; and Tz, hon-reénforced test trials at beginning and end 
of experiment. These consisted of 5 positive and 5 negative stimuli, in random order, 
and represent brief extinction series. 


* The interval was modified unsystematically during the course of these preliminary 
experiments. It remained constant for the duration of the experiment with any one S. 
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ms., 4 are the poorest Ss of the better group, and 2 fall among the non-discriminators. 
The latency of the conditioned responses is closely correlated with the conditioning 
interval.” Successful conditioned discrimination may depend upon a sufficient interval 
for longer latency reactions to occur, but the causal factors are not clear from Ex- 


TABLE II 
Mean AmPLiTUDE AND LATENCY OF CONDITIONED Responses OF Every S or Experm™ent I on 
THE SECOND Day or ATTEMPTED ConpDiITIONED DiscRIMINATION 
(The maximum number of responses was 25 in each case.) 


Interval Conditioned responses 
between 
light No. responses Amplitude (inmm.) Latency (in ms.) 

air-p 
(in ms.) Positive Negative Positive Negative Positive Negative 
stimulus stimulus stimulus stimulus _stimulus stimulus 


16 


3 
28 
12 


Yo 


357 
176 
210 


D 

A 

B 

M 259 
Cc 186 
G 123 
Mean 


7 218.5 


periment 1. The longer latency reactions may be a function of the time-interval regard- 
less of discrimination. It would be necessary to run a control with simple conditioning 


* The range of latency is established in part by conventions adopted for purposes 
of measurement. The latency of a conditioned response to the positive light can 
measured only if the response anticipates the air-puff. Because of the prominence 
of the anticipatory tendency, the distributions are not in fact much curtailed by this 
restriction. While the constriction does not apply to responses to the negative stimulus, 
whose latency is limited only by the length of the record, for purposes of comparison 
it is desirable to restrict the range of responses to the negative light to that of the 
artificially limited range of responses to the positive light. This restriction has been 
imposed on the measurements as recorded in Table II. Measurements have also been 
made, however, of all responses to the negative stimulus within 1000 ms. By including 
the occasional responses of long latency all of the means are increased, but the order 
of magnitude of latency within the groups is not altered. In Experiment I, Day 2, 
the mean latency of conditioned responses to the negative light, measured in this 
manner, was 311.9 ms. for Group I and 257.6 ms. for Group II. These values are 
to be ey gr: with the averages in the last column of Table II, for Group I, 250.6 
ms., and for Group II, 218.5 ms. Longer latencies to the negative light are to be 
expected on the part of good discriminators, since the negative series corresponds 
somewhat to extinction. 
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at these intervals to determine whether or not longer latencies were functions of dis- 
crimination. 

Since the process of discrimination is in part one of selective inhibition, the 
extinction series may reveal a differential susceptibility to extinction which dis- 
tinguishes Group I from Group II. The relevant data are presented in Table III. 

In the group of poor discriminators, 3 of the 6 Ss (A, M, G) show resistance to 
extinction, while in the group of better discriminators, only 2 out of 10 Ss (F and K) 
are resistant to extinction. These two Ss did not show discrimination, however, within 
the last conditioning trials of Day 2. There are evidently common factors underlying 


discrimination and extinction.” 
TABLE III 
Comparison OF ConpITIONED ReEsPONSES WITHIN ExTINCTION TRIALS WITH THOSE IN FINAL 
ConpITIONING Series OF Day 2, Experiment 
(Values expressed in percentages of § trials.) 


Frequency of conditioned responses 


Final trials of conditioning Extinction trials 


Positive Negative Positive Negative 
stimulus stimulus stimulus stimulus 


40 


20088000008 


° 


P 
N 
Q 
I 
R 
H 
F 
K 
J 
L 
Mea: 
D 
A 
B 
M 
Cc 
G 


40 
Mean 80.0 70.0 59.2 


Summary. In Experiment I positive and negative conditioned stimuli 
were presented in random order on each of two days. No verbal responses 
were called for. The 16 Ss fell into two groups, 10 showing the initial 
generalization and gradual differentiation to be expected from Pavlov’s find- 
ing, 6 showing no discrimination within two sessions. It was found that 
intervals above 400 ms. between the conditioned and unconditioned stimuli 
were more favorable than shorter intervals for the establishment of differ- 


"This would be expected, because discrimination is differential extinction. In 
Pavlov’s terminology, both differentiation and extinction are forms of internal in- 
hibition. The results of Experiment II show that the relationship is not a simple one. 
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ential conditioning. Failure to discriminate was related to failure to extin- 
guish at the end of the second session. 


EXPERIMENT II. VERBAL REPORTS 


Although the perceptual discrimination in Experiment I was a very easy 
one, the motor conditioned discrimination was not achieved by 6 of 16 Ss, 
and developed very gradually for the others, At first glance it appears that 
the motor discrimination was not closely related to the perceptual one. 


TABLE IV 
FREQUENCY IN PeRcENTAGES OF ConDITIONED Responses TO Positive AND NEGATIVE STIMULI 
on Turee Days or ATTEMPTED ConpiITIONED DiscRIMINATION 
All the Ss of Experiment II. The division into groups is based on the discrimination shown on 
Day 3 (last column). 


Frequency of conditioned rexponses 


Group Day 1 Day 2 Day 3 


Posi- Nega- Posi- Nega- Posi- Nega- 

tive tive Pos. tive tive Pos. tive tive Pos. 

stimu- stimu- >Neg.  stimu- stimu- >Neg. stimu- stimu- >Neg. 
1 


> 


° 


+ 
+ 
+ 
+ 


++ 
or OS 


61 


‘Insight’ into the circumstances of stimulation required something more, 
however, than perception of the difference between the two stimulus-lights, 
and awareness of the air-puff: it required also the knowledge that one light 
was invariably followed by the air-puff, the other not. While this would 
appear to have been a relatively simple multiple-choice problem, in which 
after a few trials S ought to have known that the air-puff followed the illu- 
mination of only one of the windows, such multiple-choice situations may 
be more difficult than we anticipated. If the verbal solution of the problem 


| = 79 4 +75 71 o +7 
13 4 8 58 4 +54 67 8 +59 
A 4.4 8 4 29 4 +25 63 4 +9 
21 ° 63 6+63 58 6+58 
12 13 9 50 14 
Mean 16.6 7.6 : 55.8 9.0 +46.8 66.6 5.8 +60.8 
10 ° 13 46 29 +17 58 21 +37 
22 21 17 63 42 +21 50 21 +29 
B 2 17 13 29 8 +21 21 4 +17 
20 17 17 13 33 —20 58 42 +16 
Mean 13.8 15.0 2 37.8 28.0 + 9.8 46.8 22.0 +24:8 
3 50 44 6 92 67 +25 85 76". 
18 ° ° ° 8 ° + 8 29 21 +8 4 
Cc 19 13 o 8 4 +4 21 17 +4 
31.8 + 4.6 35.4 35-2 + 0.2 
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is delayed, the gradual discrimination shown in Experiment I may yet be 
correlated with the verbal processes. Experiment II was undertaken as a 
check on the S’s understanding of the situation, by calling for a verbal report 
after each trial. 

Experimental procedure. Apparatus conditions were identical with those of Ex- 
periment I. Instructions were similar, except that § was told to inform E after each 
trial what stimuli occurred and the nature of the responses to them. The random order 
of presentation was modified so that the presentations of positive and negative stimuli 
were better balanced than in Experiment I. For half the Ss the left light was positive; 
for the other half, the right. Brief test trials of three unreénforced presentations each 
of positive and negative stimuli were run at the beginning and end of the day. A 
third day was added, in order to determine whether or not more repetitions would 
separate further the responses to positive and negative stimuli. Fourteen undergraduate 
students served as the Ss. 

Results. The daily frequencies of conditioned responses for each of the 
14 Ss of Experiment II are given in Table IV. The Ss have been subdivided 
into three groups according to the excess of responses to the positive stimulus 
over the negative stimulus on the third day. Group A consists of 5 Ss 
with an excess averaging + 60.8%, Group B of 4 Ss with an excess of 
+ 24.8%, and Group C of 5 Ss with an excess of but 0.2%. These will 
be designated as successful, intermediate, and unsuccessful discriminators, 


respectively. 

One S showed perfect discrimination, fulfilling the expectation of the first alter- 
native suggested in the introduction. This § (No. 21) gave no conditioned responses 
whatever on Day 1, but acquired responses to the positive stimulus rapidly on Day 2, 
without giving any to the negative stimulus. The absence of conditioning on Day 1 
permitted ‘insight’ into the situation before responses occurred to either positive or 
negative stimuli. After 18 presentations of the positive light interspersed with 18 of 
the negative light on the first day, this § commented: “The puff always follows the left 
light.” This was correct. No conditioned responses were given, however, until the 
next day, when they followed only the left (positive) light. One other § (No. 23) 
showed perfect discrimination on Day 3; this § and two others (Nos. 13 and 24) 
had one day each on which they gave but a single conditioned response to the nega- 
tive stimulus while responding to the positive stimulus on over half the trials. All 
five of the Ss of Group A, successful discriminators, gave evidence in their verbal re- 
ports of an understanding of the stimulus relationships before the end of the first day. 
Whether or not their success at conditioned discrimination is to be considered a 
function of their ability to state the situation in words depends upon the degree to 
which the less successful discriminators possessed this ability. 

Two of the Ss of Group B (Nos. 10 and 22) reported understanding of the stimulus 
sequences on Day 1, one (No. 2) reported on Day 2 that the knowledge had been 
possessed on the first day, and one (No. 20) gave no evidence of understanding that 
the air-puff followed only one of the lights until the second day. The Ss of Group B 
appear to be slightly inferior to those of Group A in the promptness with which they 
reported understanding of the situation. This agrees with their somewhat less satis- 
factory conditioned discrimination. 
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Two of the non-discriminating Ss of Group C (Nos. 4 and 18) reported within 
the first day that the air-puff followed only one of the lights; two (Nos. 1 and 19) 
reported this understanding on the second day; the remaining § (No. 3) stated in 
the middle of Day 2, “I thought for a time there was a connection between the right 
light and air-puff,”’ and on the third day, “I usually expect the puff with the right 
light.” In his case, the test trials at the beginning and end of the day, in which right 
lights, usually positive, were given without reénforcement, apparently distorted 
insight into the usual order, although his statements of probability were in the right 
direction. This S showed more discrimination than any other of Group C. Since only 
one S$ of Group B realized the nature of the stimulus-sequences as late as Day 2, 
and three of the Ss of Group C postponed a statement of understanding until this day, 


TABLE V 
Mean AmPLiTuDE AND LATENCY OF ConpDITIONED Responses By Groups ON THREE Days OF 
ATTEMPTED ConplITIONED DiscrIMINATION, ExpPERIMENT II 
Interval Conditioned responses 


between 
Group Day light Frequency (in %) Amplitude (inmm.) Latency (in ms.) 
air-p 


Positive Negative Positive Negative Positive Negative 
(in ms.) stimulus stimulus stimulus stimulus stimulus stimulus 


A 550 7: 346.5 383.8 
(5 Ss) 550 . 9. . 380.4 393.8 
550 5. 417.2 $22.7 
15.0 335-7 358.8 
28.0 379.5 381.3 


B 
(4Ss) 22.0 392.5 437.0 


12.2 303.4 236. 
(5Ss) 35.2 16.4 320.8 335.8 
it may be supposed that Group C was somewhat inferior to Group B in the rapidity 
with which insight was gained into the circumstances of stimulation. ; 
There is a slight indication that the Ss showing the best conditioned discrimina- 
tion were best able to put the situation into words. On the other hand, the situation 
was finally put into words by every S, without assuring successful conditioned 
discrimination. For all Ss there was an initial delay before the correct hypothesis 
regarding stimulus relationships was announced. The earliest indication of under- 
standing given by any S was the report of No. 23 after 6 reénforced presentations 
of the left light, and 6 non-reénforced presentations of the right light. He stated: 
“TI feel a tendency to wink to the left because of the puff.” No conditioned response 
was recorded until the third reénforcement after this report. This § showed the best 
discrimination of any on Day 1. No other S gave a verbal summary of the light-puff 
situation before 18 reénforcements had occurred, although all were successful in 
stating after each trial whether the right or left light had occurred, and whether or 
not the air-puff had followed.” 


*To avoid suggesting responses to S, the reports were kept quite free. Many Ss 
were interested in items irrelevant to the experiment: whether one eye occasionally 
winked more than the other, whether the air-puff sometimes felt more or less intense. 
E avoided telling § just what he was interested in. While this had some advauiages, 
it meant that tentative hypotheses regarding stimulus relationships were not necessarily 
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The course of development of conditioned responses for each of the three 
groups has been presented in Fig. 2. It is evident that discrimination for 
Group A begins within Day 1, while for Group B it is inappreciable until 
Day 3, and the average results of Group C show no discrimination at all. 
The small populations of responses are responsible for some irregularities in 
the curves, but the general trends are clear. 


TABLE VI 


Mean Awmp.irupe AND Latency or ConpiTionep Responses or Every S or Expermment I! 
ON THE THIRD Day or ATTEMPTED ConpITIONED DiscRIMINATION 


(The maximum number of responses was 24 in every case.) 


Conditioned responses 


No. responses Amplitude (inmm.) Latency (in ms.) 


Positive Negative Positive Negative Positive Negative 
stimulus stimulus stimulus stimulus stimulus stimulus 


370 
35 456 
40 443 
430 

3 387 
26. 417. 


° 
2 
I 
° 
4 
I. 


31 423 
24 373 

I 362 
28 412 
21. 392. 


an 


34 223 
18 403 
22 412 
9 233 
333 
° 16.4 18.8 320.8 


COT 


7.8 


The mean differences between the groups in time intervals, and with 
respect to amplitude and latency of conditioned responses on each of the 
three days, are given in Table V. 


As in Experiment I, the most successful $s are those conditioned at the longer 
intervals, The latency of conditioned responses appears to be a function both of the 
interval and of the success of discrimination, for Group A shows not only the longest 
latencies on Day 1, but the greatest progressive increase in latency on successive days. 
With simple conditioning, latency tends to decrease with practice; increases in latency 
are associated with increasing success in discrimination. The amplitude of the oc- 


announced before they were either confirmed or rejected. In order to determine the 
effects of complete understanding from the beginning, a group of Ss is now being 
studied after receiving full information with regard to the stimulus sequences. This 
investigation will be reported later. 


Interval 

between 
Group Slight and 
oy 

af 23 550 17 34 
R 13 550 16 13 560 
A 550 15 27 570 
if 21550 14 20 
12 550 17 9 438 
Mean 550.0 15.8 4 20.6 2 522.7 
y 10 550 14 19 520 
"i B 22 550 12 23 488 
2 450 5 15 360 
H 20 550 14 1 32 380 
Mean 525.0 11.3 5 22.3 5 437.0 
i 3 400 17 | 222 
iy 18 550 7 402 
i C 19 550 5 370 
400 7 324 
400 3 361 
Mean 460.0 335-8 
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Fic. 2. THE DEVELOPMENT OF CONDITIONED RESPONSES TO POSITIVE AND 
NEGATIVE STIMULI, EXPERIMENT II 


The numbers on the baseline refer to successive trials of which half were positive 
and half negative. Every point on the curves for Group A represents the — 
of responses from among 30 possible conditioned responses (6 from each of 5 Ss) ; 
every point on the curves of Group B, 24 possible responses (6 from each of 4 Ss) ; 
every point on the curves of Group C, 30 possible responses (6 from each of 5 Ss). 
T: and Tz, non-reénforced test trials at beginning and end of each day. These 
consisted of 3 positive and 3 negative stimuli, so that the points represent a 
population half as large as the points on the curves. They may be interpreted as 
brief extinction series. 
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casional conditioned responses given to the negative stimulus by those Ss who show 
successful discrimination is as great as that of the responses to the positive stimulus; 
these responses are apparently very similar to the false reactions in conventional dis- 
criminatory reaction-time experiments. 
Since group averages often conceal differences between individuals, data for every 
S on Day 3 are given in Table VI. The third day was chosen because differences in 
discrimination are by that time most pronounced. The problem of interval and 
latency of response raised by the results at different intervals in Experiment I, and 
again in Table V above, can be analyzed somewhat further on the basis of the data 
in Ta ‘able VI. The relationship of interval to success of discrimination is again impres- 


TABLE VII 


Comparison or ConpITIONED Responses WITHIN Extinction TRIALS wiTH THOSE IN Fina 
ConprTioninc Series oF Day 3, Experiment II 


Frequency in percentages of conditioned responses 


Group Final trials of conditioning (6) Extinction trials (3) 


Positive Negative Positive Negative 
stimulus stimulus stimulus stimulus 


° 


0090900 


3 
18 
19 
4 
i 33 
Mean 33.2 


8 00008 


sive. The three Ss conditioned at 400 ms. are all in the unsuccessful Group C, and 
the one conditioned at 450 ms. is in the lower half of the intermediate Group B. 
All of the successful Group A were conditioned at 556 ms. That an interval of 400 
ms. may be sensed by S§ as too short was indicated in a statement by one S$ (No. 4) 
on the third day: “There isn’t time to discriminate, although I know that the puff 
always follows the right light.” This § did not reach a high frequency of conditioned 
response to either stimulus, and did not show conditioned discrimination. 
Whether the longer latency of responses by successful discriminators is due to 
the longer intervals rather than to the fact of discrimination can be determined by 
inspecting the latency data from all Ss conditioned at 550 ms., since this interval in- 
cludes successful, intermediate, and unsuccessful discriminators. Responses to the posi- 
tive stimulus indicate comparable latencies on the third day (range 370 to 456 ms.) 
for all Ss conditioned at 550 ms., whether members of Group A, B, or C. Responses 
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to the negative stimulus, however, tend to average somewhat greater in latency for the 
more successful discriminators.” 

The suggestion from Experiment I that failure to discriminate is correlated with 
resistance to extinction may be studied also in the test series of Experiment II. Re- 
ferring back to Fig. 2, the test series (T2) at the end of each day show that Group A 
is susceptible to extinction throughout, Group B possibly less so, and Group C least 
susceptible, confirming the findings of Experiment I. Data for individual Ss on the 
third day are presented in Table VII. Only one S (No. 3 of Group C) is completely 
resistant to extinction, although several others (No. 23 of Group A, No. 10 of 
Group B, Nos. 1 and 19 of Group C) yield as high a proportion of responses to 
the positive stimulus during extinction as are given during the last reénforcing series. 
For most Ss, however, extinction by the end of Day 3 is practically immediate. If there 
happens to be no response on the first non-reénforced trial with the positive stimulus, 
later presentations do not elicit responses (Nos. 3, 12, 18, 4). The first response is 
given before there is opportunity to discover that the positive stimulus is no longer 
reénforced. This is often the last response elicited (Nos. 24, 21, 22, 2, 20, 19, 1). 
Only one § (No. 3) gave a response to the third presentation of the non-reénforced 
positive light. It must be pointed out, therefore, that there is a tendency towards ex- 
tinction in 13 of the 14 Ss, and failure to discriminate is not due solely to lack of the 
tendency to extinguish when not reénforced. 

Summary, In Experiment II positive and negative stimuli were presented 
in random order on each of three days. S reported after each trial what 
stimuli occurred and what responses were elicited. Reports indicated per- 
fect success in stating which light appeared and whether or not the air-puff 
was presented, but the report that the air-puff regularly followed but one of 
the lights was often delayed. The 14 Ss were subdivided for study into three 
groups based on the success of conditioned discrimination: Group A, 5 Ss, 
most successful; Group B, 4 Ss, intermediate, and Group C, 5 Ss, most 
unsuccessful, Even the most successful Ss showed with one exception some 
initial generalization. The exceptional S$ yielded no conditioned responses 
on Day 1, but reported full understanding of the stimulus-sequences. When 
conditioned responses began on Day 2, they were elicited only by the posi- 
tive light. In general, the more successful discriminators were also the more 
prompt in reporting insight into the order of stimuli, although understand- 
ing of the perceptual features of the situation was no guarantee of successful 
motor diffezentiation. All the Ss, including the non-discriminators, under- 
stood before the end of the experiment that only the positive stimulus was 
reénforced. An interval of 550 ms. was again found to be more favorable 
than an interval of 400 ms. in the development of discrimination. The longer 


* The restrictions on latency discussed in footnote 12 were applied also in Experi- 
ment II. When all responses to the negative stimulus of latencies up to 1000 ms. 
were included, the Day 3 means became for Group A, 622.8 ms., for Group B, 488.8 
ms., for Group C, 455 ms. These are to be compared with the averages in the last 
column of Table VI, for Group A, 522.7, for Group B, 437.0, for Group C, 335.8 ms. 
Thus the removal of an artificial restriction on measurement leads to the same con- 
clusions reached when the limitation was imposed. 
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latencies of responses to the positive stimulus by successful discriminators 
are a function of the stimulus-interval, since successful and unsuccessful 
Ss yield responses of comparable latency when conditioned at similar inter- 
vals. Latencies of responses to the negative stimuli are greater, however, 
for successful than for less successful discriminators. 


DISCUSSION 


Effect of verbal report. The attentive factors associated with the verbal report in Ex- 
periment II might be expected to produce results different from those in Experiment I. 
From the data, however, it is evident that discrimination was not greatly facilitated by 

~the-fact of verbalization. In Experiment I, 10 out of 16 Ss showed appreciable discrim- 
ination on the second day; in Experiment II, by the same criterion, 9 out of 14 Ss 
showed discrimination. The Ss are too few and the experimental situations too dif- 
ferent to determine whether or not a slight effect was present. If it be assumed that 
results in the two experiments are comparable, two interpretations are possible: either 
verbalization makes no difference, or the Ss were verbalizing without instructions in 
Experiment I. The latter interpretation is the more likely one. 

Hypotheses. Two sets of ‘hypotheses are involved in successful discriminatory con- 
ditioning. The first of these formulates the stimulating situation; the second, the motor 
reactions which occur. The two are mutually interdependent, but in some respects dis- 
tinct. 

The first set of hypotheses begins with a generalized summary of stimulus rela- 
tionships which, if verbalized, might be stated: “Illumination often will be followed 
by an air-puff.” The situation is not satisfactorily summarized until this statement is 
differentiated: “Illumination of the left window probably will be followed by the 
air-puff, while illumination of the right window will not be followed by an air-puff.” 
The statement must remain hypothetical, because E has control of the stimuli, and 
may alter their order to suit himself. The probability that the statement correctly 
summarizes the situation increases as the experiment proceeds and the hypothesis is 
verified. If the motor responses correlated perfectly with the degree of assurance with 
which S accepted this hypothesis, the gradual course of conditioned discrimination 
would be explained. Evidence from Experiment II shows that the more successful 
discriminators did in fact announce the acceptance of this hypothesis earlier than the 
unsuccessful ones. On the other hand, all the Ss, whether successful or not, understood 
the stimulus-sequences before the end of the experiment. Therefore the confident 
acceptance of this first hypothesis, even in its differentiated form, does not guarantee 
conditioned discrimination.” 

The second hypothesis, with regard to reaction, likewise develops from a more 
generalized to a more specific form, codrdinate with the hypotheses in respect to 
stimuli. The early stage, if verbalized, might be stated: “If my eye closes following 


* I. Krechevsky, “Hypotheses” in rats, Psychol. Rev., 39, 1932, 516-532; Tolman 
and Brunswik, op. cit. The assumption need not be made that any of the hypotheses to 
be discussed are conscious or verbalized unless evidence is given. Experiment II 
demonstrates that hypotheses with regard to stimulus relationships may ‘de reported 
verbally by the Ss. 

™ This conclusion is of methodological importance in threshold measurement. It 
means that lack of conditioned discrimination does not necessarily signify that the 
organism is unable to differentiate in other ways between the positive and negative 
stimuli. 
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the illumination, the air-puff will be avoided.” The later formulation of the motor 
reaction hypothesis depends on the acceptance of the final form of the hypothesis 
with regard to the stimuli: “If my eye closes following illumination of the left 
window, the air-puff will be avoided; there is no reason for closing my eye when 
the right window is illuminated.” Since even this final statement does not carry with 
it full self-instructions to react promptly and vigorously, it is in harmony with the 
failure of our Ss to show complete differentiation even after three periods of ex- 
perimentation. 

The tentative nature of the self-imposed instructions regarding stimulus-sequences 
and responses to them may account for the differences between conditioned discrim- 
ination and the responses in reaction-time experiments. 

Conditioned discrimination and reaction-time, One of us has pointed out that the 
chief difference between simple conditioned responses and simple voluntary reactions 
lies in the circumstances under which the set to react is produced.” Instructions in 
a reaction-time experiment present § with ready-made and guaranteed hypotheses. 
He is told what stimuli are to occur, which is positive and which is negative; he is 
told to react as promptly as possible to the positive one and to avoid the negative 
one. Nothing is tentative except the order of positive and negative trials. In our 
conditioning situation instructions such as these, if ever formulated definitely, were 
self-administered, and could not arise until at least enough trials had been given to 
establish one stimulus as positive and the other as negative. 

The set to react in the conditioning situation for most Ss develops slowly, and 
it may never reach the level of efficiency of that of a trained S in a reaction-time ex- 
periment. The conflict between the tendency to keep the eyes open and the tendency 
to avoid the air-puff results in a set which is not quite satisfactory for maximal re- 
action. While little direct evidence with regard to reaction-sets was given in our 
experiments, there are several observations which indicate that the sets achieved 
were poor as compared with those of reaction-time experiments: (1) failure to 
discriminate at stimulus-intervals of 400 ms., which would have been long enough 
under voluntary instructions; (2) the small amplitudes and relatively long latencies 
of conditioned responses; and (3) many failures to react to the positive light on 
the part of good discriminators (the best discriminator of Experiment II failed to- 
react to 25% of the positive stimuli on Day 3). 

Additional suggestions with regard to reaction-sets come from the results on ex- 
tinction. Most of the successful discriminators extinguished more rapidly than the 
unsuccessful ones when the positive stimulus was no longer reénforced. This in- 
dicates a measure of control superior to that of the unsuccessful discriminators, a con- 
trol which may be interpreted in terms of set. 

Of 12 Ss in the two experiments conditioned at intervals of 400 ms. or less, 
7 were resistant to extinction. Having responded frequently to non-reénforced nega- 
tive stimuli during the experiment, they continued to respond to non-reénforced 
stimuli at the end, although neither stimulus was reénforced. The 5 other Ss (J, L, 
B, C, Table III; No. 4, Table VII), although relatively unsuccessful at discrimination, 
showed extinction. While they had responded to both stimuli when one was re- 
enforced, they ceased to respond when neither stimulus was reénforced. Their con- 
trol was intermediate between that of the successful discriminators and the unsuccess- 


* E. R. Hilgard, Conditioned eyelid reactions to a light stimulus based on the reflex 
wink to sound, Psychol. Monog., 41, 1931, (mo. 184), 33-35. 
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ful ones resistant to extinction. They did not achieve a selective set with respect to 
positive and negative stimuli, but their reaction-tendencies were modified when re- 
enforcement ceased altogether. Since discriminatory set at 400 ms. or less was diffi- 
cult, at longer intervals these Ss perhaps would have discriminated, The length of 
interval may affect only the set for discrimination, not the set for extinction. 

The nature of the voluntary controls in conditioned discrimination is now under 
investigation more directly through the use of supporting and antagonistic voluntary 
reactions. 

CONCLUSIONS 


The two experiments on discriminatory eyelid conditioning have been 
“Summarized separately. The following general conclusions are indicated: 
(1) When positive (reénforced) and negative (non-reénforced) condi- 
tioned stimuli were presented in random order without previous condition- 
ing, initial generalization occurred, i.e. conditioned responses developed to 
both positive and negative stimuli. This agrees with Pavlov. The single 
exception among the 30 Ss of the two experiments was one who failed to 
give conditioned responses at all during the first day of conditioning, and 
developed them only to the positive stimulus on succeeding days. 

(2) Initial generalization gave way to differential responses to positive 
and negative stimuli in 10 out of 16 Ss of the first experiment and in 9 out 
of 14 Ss of the second experiment. No verbal responses were called for in 
the first experiment, whereas reports followed each trial in the second experi- 
ment. The fact of reporting did not greatly alter the course of discrimination. 

(3) Ease of discrimination, measured by the excess of conditioned re- 
sponses to the positive stimulus over those to the negative stimulus, is re- 
lated to the interval between the conditioned and unconditioned stimuli. 
While no systematic exploration of possible intervals was made, intervals 
of 550 ms. proved to be more advantageous than intervals of 400 ms. or less. 

(4) While rapid extinction is associated with successful discrimination, 
some unsuccessful discriminators showed extinction when the positive 
stimulus was no longer reinforced. The relationship between extinction 
and differentiation is not, therefore, a simple one. 

(5) The ability to state the stimulus sequences in words early in the ex- 
periment appears to be associated with ease of discrimination, but not all 
the Ss who verbalized the situation correctly yielded discriminatory con- 
ditioned responses. The gradual course of discrimination is in harmony 
with the increasing assurance with which ‘hypotheses’ are adhered to as the 
experiment proceeds, but the correlation between verbal and motor differ- 
entiation is not perfect. 

(6) The differences between discriminatory conditioned responses and 
discriminatory voluntary reactions depend largely on the circumstances under 
which the set to react is produced. ; 


A STUDY UPON THE RECALL OF PLEASANT AND 
UNPLEASANT WORDS 


By PauL THOMAS YOUNG, University of Illinois 


There is a considerable body of literature upon ‘feeling’ in relation to 
‘memory.’? Some of the experiments have been inspired by the Freudian 
principle that we actively forget unpleasant experiences; others by Thorn- 
dike’s law of effect. 

The present experiment upon the recall of pleasant and unpleasant words 
really belongs in the context of ‘feeling’ and ‘memory,’ but our primary aim 
in undertaking it has been methodological. We have repeatedly affirmed 
that there is a valid distinction between the verbally stated meaning of 
pleasantness or unpleasantness, and a consciously felt experience of pleasant- 
ness or unpleasantness which may or may not be reported.? 

To throw light upon the meaning-feeling problem we employed simul- 
taneously two tests, one of which calls for a direct report of felt experience 
aroused by sensory stimulation (the results of which have already been 
reported ) ,* and the other of which calls for the verbal expression of pleasant 
and unpleasant meanings (the results of which are here reported). 


EXPERIMENTAL PROCEDURE 


Subjects. The experiment was performed in January, 1935, at the University of 
Illinois. One group of Ss comprised the students in three large lecture sections of 
elementary psychology. The other group was made up of government-employed 
students working in an FERA project conducted by the Department of Psychology. 
The following figures summarize the groups by sex, number, and dates of service: 


* Accepted for publication October 1, 1936. 

* Among the experiments which deal with affectively-toned words are the follow- 
ing: H. D. Carter, Effects of emotional factors upon recall, J. Psychol., 1, 1935, 
49-59; H. Cason, The learning and retention of pleasant and unpleasant activities, 
Arch. Psychol., 21, 1932, (no. 134), 1-96; C. W. Darrow, Electrical and circulatory 
responses to brief sensory and ideational stimuli, J. Exper. Psychol., 12, 1929, 267- 
300; R. H. Thomson, An experimental study of memory as influenced by feeling tone, 
ébid., 13, 1930, 462-468; M. M. White, Some factors influencing recall of pleasant 
and unpleasant words, this JOURNAL, 48, 1936, 134-139; M. M. White and M. 
Powell, The differential reaction-time for pleasant and unpleasant words, ibid., 48, 
1936, 126-133; M. M. White and M. McL. Ratliff, The relation of affective tone to 
the learning and recall of words, ibid., 46, 1934, 92-98; P. T. Young, Memory for 
poets, unpleasant, and indifferent pairs of words, J. Exper. Psychol., 16, 1933, 

54 ff. 

? Young op. cit.; see also, The coexistence and localization of feelings, Brit. J. 
Psychol., 15, 1925, 356-362. 

Young, A group experiment upon affective reactions to odors, this JOURNAL. 
49, 1937, 277-286. 
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Time of experiment 


Men 
Jan. 14, 9 a.m. (Mon.) 99 
Jan. 7, 9 A.M. (Tue.) 88 
Jan. 10, 11 a.m. (Thurs.) 98 
Totals 285 


FERA Jan. 14, 15, 16, 1'7, 18; 22, 23, 24, 48 
25; 28, 29, 30, 31. 

For convenience, the groups will be referred to as the /ecture groups, Groups A, 
B, and C, and the permanent (FERA) group. The permanent group served on 13 
days extended through a period of 3 weeks. Unfortunately the attendance of the 
permanent group declined toward the close of the experiment, but we obtained from 
this group a total of 526 individual record sheets.‘ 

Procedure. With all groups, the Ss were spaced as widely as possible throughout 
the room so that every person could see only his own work. Every S was then given 
a blank sheet of paper at the upper right corner of which he indicated his sex, age 
at the nearest birthday, and the date of the experiment. The Ss in the permanent 
group wrote assumed names which they held throughout the experiment. After these 
preliminaries the papers were folded lengthwise to make two columns. Over one 
column the letter P was placed and over the other U, to indicate ‘pleasant’ and 
‘unpleasant’ respectively. The following instructions were then read distinctly. 

Some words are pleasing in sound, or meaning, or both; others are dis- 
pleasing. I am going to ask you to write down in a list some of the words which 
are markedly pleasing or displeasing to you. Write them down as they occur to you, 
putting the pleasing words in the column headed P and the displeasing, or un- 
pleasant, words in the column headed U. The words may be any single words in 
the English language. It doesn’t matter whether they are nouns, adjectives, verbs, 
adverbs, or other parts of speech. They must be pleasing or displeasing to you. I 
don’t care how many words you write, but be sure they are pleasant or unpleasant. 

The instructions were read daily to the permanent group. 

With the lecture groups A and B, and with the permanent group at all times, 
pleasing words were listed in the left column and displeasing in the right; but with 
lecture group C conditions were reversed so that displeasing words were at the left 
and pleasing at the right. Also, with lecture group C the words ‘pleasing’ and ‘dis- 
pleasing’ were systematically interchanged in reading the instructions. These precau- 
tions were taken on the assumption that spatial position and temporal sequence are 
factors that favor or emphasize the writing of either pleasing or displeasing words. 
The plan has made it possible to estimate the importance of space-time factors and 
to balance them out of the results. 

With all groups exactly 4 min., measured by stop watch, were allowed for writing 
P and U words. An essential feature of the method lies in the fact that no mention 
was made of the relative number of pleasing and displeasing words to be listed, nor 
of the relative amounts of time to be spent in writing P and U words. We assumed 
that the tendency to form pleasing or displeasing word-associations would be in- 
dicated by the number of P and of U words listed by the Ss. One aim of the research 
was to study the proneness of Ss to form pleasing and displeasing associations. 


In all cases after time was called the following instruction was added: ‘“‘Now check 
several of the most pleasant and the most unpleasant words—three or four of each.” 


* The attendance declined because when the students had completed their semester- 
examinations they went home. A record of daily attendance is given in Table IV. 
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Group Women Total 
A 78 177 
B 116 204 
Cc 76 174 
270 555 
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The purpose of this instruction was to furnish a selected list of the most definitely 
pleasing and displeasing words. 


RESULTS 


Quantitative. (1) Relative proportion of P and U words. The relative 
proportion of P and U words listed by all the Ss is shown in Table I. A 
consistent excess of pleasant over unpleasant words was obtained from all 
the groups. 


TABLE I 
Reative Proportion or P anp U Worps Listep sy THE Various Groups 


Lecture groups 
Words Permanent 


A B Cc Total group 


Total P words 1697 2387 9597 
Total U words 1317 1885 7658 
P plus U 3014 4272 17255 
P minus U 380 502 1939 
Percentage P 56.3 55.9 55.6 
Percentage U 43-7 44.1 : 44.4 


The lecture and permanent groups agree very closely in the percentage 
of pleasant words listed. About 55% of all words listed are pleasant, 
whereas by chance we would expect 50% pleasant and 50% unpleasant. 


The percentage of pleasant words is slightly less for Group C than for Groups 
A and B. The difference can be explained by referring to the procedure. Groups A 
and B, as noted above, were instructed to write the pleasant words in the left 
column and unpleasant in the right, whereas with Group C the two columns were 
interchanged in position. Moreover, the words ‘pleasing’ and ‘displeasing’ were 
systematically interchanged in reading instructions to Group C so that whatever 
emphasis resulted from mentioning one word first could be balanced out. By aver- . 
aging results from Groups A and C and again those from Groups B and C these 
advantages of spatial position and temporal order can be eliminated. After averaging, 
it still appears that the Ss tend to write more pleasant than unpleasant words in 
their lists. 

(2) Average number of words written by the lecture groups. Table II 
presents the number of pleasant and unpleasant words listed by the Ss in — 
the lecture groups together with the averages, standard deviations, and 
differences between the averages. 

The difference between the average number of pleasant and unpleasant 
words listed is less for Group C than for Groups A or B. The most likely 
explanation of this group-difference is, as noted above, one in terms of 


experimental procedure. 

(3) Sex differences. The results for men and vomen in the three lecture , 
groups considered separately, are shown in Table III. The slight superiority 
of the women in the number of pleasant and unpleasant words listed is not 
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statistically significant, but this result agrees with a frequent finding of 
psychologists that women in general excel men in verbal performances. In- 
cidentally, the computations reveal in another way the fact that pleasant 


TABLE II 
Numer or Peasant AND Unpteasant Worps Listep sy THE Lecture Groups 


Pleasant words Unpleasant words 


B 


No. 


Q 


| 


6 
4 
8 
3 
4 
I 
I 
2 
° 
I 
I 
I 
I 
I 


I 


9.6 
4.6 5. 
2.2 I. 


| 


words are listed in greater number than unpleasant. 

(4) The effect of practice. The Ss in the permanent group listed words 
day after day. Although no mention was made of the speed of working, 
the average number of words written per day increased with the amount 
of practice. A fair index of this increase is the average number of total 


A B a A a Cc 
I I I 
— 3 ° 2 
4 4 I 
16 6 5 
18 12 7 
18 20 10 
21 17 17 
21 14 20 
24 22 16 
16 20 II 
10 19 21 13 5 16 13 
II II 19 II 6 20 16 
12 16 18 14 5 Il 
13 10 4 16 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
Av. 
SD. | 
P-—U ° 
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words, both pleasant and unpleasant, written by the group on successive 
experimental days. These results are shown in Table IV. It will be seen 
that there is a gradual increase in the average number of words listed with 
practice in the experimental task. 


TABLE III 
Sex DirrERENCES IN THE RESULTS OF THE LecTuRE Groups 


Men Women Both 
10.4 10.7 
5-3 5-7 5-2 


8.8 8.9 8.8 
4-7 4.1 4-4 
It is important to note that the percentage of pleasant words is fairly constant from 
day to day. During any given week there are ups and downs in the percentage of 
pleasant words written, but the fluctuations do not depart very far from the general 
group-average of 55.6%; one cannot detect any consistent change with practice. 
Hence, although the average number of words written increases with practice, the 
percentage of pleasant words remains fairly constant. 
(5) Average number of P words listed by the permanent group. From 
the permanent group as a whole we obtained a total of 520 completed data- 


TABLE IV 
Tue Errect or PRAcTICE UPON THE RESULTS OF THE PERMANENT GROUP 
Date No. Ss present Av. no. words Percentage P 


Jan. 14,M 26.5 
15,T 28.0 
16, W 29.3 
17, T 29.9 
18, F 26.8 


sa, T 30.5 
23, W 33-7 
24, T 34.4 
25, F 33-5 


28,M 34.2 
29, T 34-9 
30, W 36.1 
31, T 37.6 


sheets. Upon every sheet the percentage of pleasant words was computed. 
These percentages were then tallied with the result shown in Table V. The 
range of this distribution is from 30% to 100%. The average is 55.1%, 
S.D., 11.0%. 

The average number of P words per record was 18.2, S.D., 8.0, and of U 
words, 14.6, S.D., 6.3. These averages, unfortunately, cannot be compared fairly 
with those of the lecture groups because the two groups are not equivalent. First, 
the above averages are based upon data from which a practice effect has been 
demonstrated, whereas the data from the lecture group are entirely free from prac- 


Av. } 
P 8D. 

| 

} 

54.0 

55.0 

55.5 

56.5 | 

58.7 

55-4 

57-7 | 

57-4 

55.6 

57.0 

54.5 

55.0 | 

57-7 
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tice. Secondly, the permanent group had served as paid Ss for nearly a semester prior 
to obtaining the present data, whereas the lecture groups had had no previous 
experience with psychological experimentation. Thirdly, for a full week before the 
present study was commenced the permanent group had had daily practice in recalling 
pleasant and unpleasant experiences and listing them upon a form designed for the 
study of moods; this laboratory task is so similar to the present one that a con- 
siderable amount of transfer of training might be expected. 


TABLE V 

RANGE or P Worps Listep BY THE PERMANENT GROUP 
Percentage No. Percentage No. 
range cases cases 


26-30 I 
. 7 
36-40 14 
41-45 42 
46-50 117 


Percentage 


No. 
cases 
10 
8 
6 
3 
I 


The comparison which can be fairly made is that between the percentage of 
pleasant words in the lecture and permanent groups. This percentage is not changed 
by practice, so far as present data indicate; and in this percentage the lecture and 
permanent groups agree very closely. 

(6) Average percentage of P words listed by the Ss of the permanent 
group. As noted above, the percentage of pleasant words for every one of 
the 520 data sheets of the permanent group was determined. For Ss who 
were present on 3 or more of the 13 experimental periods these individual 
percentages were averaged. The averages and the number of times they 
were obtained are given in Table VI. 


TABLE VI 
AVERAGE PerceNnTAGE OF P Worps Listep BY THE PERMANENT GROUP 


% No. % No. % No. 


0. 
Pwords cases Pwords cases Pwords cases Pwords cases 
45 I I 
46 60 
47 
48 
49 
50 


The distribution shows that although some Ss write fewer pleasant than 
unpleasant words (those with a percentage less than 50), the majority of 
Ss list more pleasant than unpleasant words on the average.® 


Conclusion of quantitative survey. One result which stands out clearly 
in the above computations and tabulations is that the Ss tend consistently 


* Percentages between 49.5 and 50.4 inclusive have been classified as 50, and 
similarly for all other decimals, 


51-55 117 76-80 
56-60 80 81-85 
61-65 52 86-90 
66-70 34 91-95 
71-75 28 96-100 
58 3 67 2 
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to recall more pleasant than unpleasant words when equal opportunity is 
given to recall either kind. That pleasant experiences are recalled more 
readily than unpleasant has been reported by Thomson,° Jersild,” Moore,® 
White,® and others. 


TABLE VII 


Frequency or Occurrence or Att Worps Cuecxep sy Groups A, B, AND C as EspEciALLy 
PLEASANT OR UNPLEASANT 


Number Percentage 


Frequency of 


CG 


AMVAWw 
VOW! HV ww CO) 


P 
28. 

9. 

6. 

2. 

9: 

° 

oO. 
oO. 

I. 

oO. 

2. 

Oo. 

3: 

4. 


HR OH OH HH OHH 
COHODOH OOOH OOOH OOH HOW HU 


Another conclusion of considerable importance is that practice tends to 
increase the number of pleasant and unpleasant words recalled but it does 
not change the proportion of pleasant and unpleasant words. Despite prac- 
tice, about 56% of the words recalled on any given day are pleasant, and 
44% unpleasant. 


* Thomson, op. cit. 

"A. Jersild, Memory for the pleasant as compared with the unpleasant, J. Exper. 
Psychol., 14, 1931, 284-288. 

*E. H. Moore, A note on the recall of the pleasant vs. the unpleasant, Psychol. 
Rev., 42, 1935, 214-215. 

* White, op. cit. 


| 
occurrence P U a 
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4 

4 

1 

1 

: 
I 
14 0.0 
15 0.8 
16 0.9 
17 0.0 
18 0.0 
19 1.0 
21 0.0 | 
25 0.0 ; 
26 0.0 
33 1.8 id 
35 0.0 | 
38 0.0 
39 0.0 
40 2.2 : 
42 0.0 ; 
45 2.5 : 
54 0.0 
87 0.0 
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TABLE VIII 


PLeasANT WorDs AND THE NuMBER OF Times EACH Was ListeD 


2 adventure 2 dogs 17 murmur 5 sing 
2 aesthetic 4 dream 3 murmuring 4 singing 
2 apple 1 dreams 42 music 2 sister 
1 apple-blossom 2 dreamy 2 musical 2 sit 
1 apples 1 musician 2 skate 
2 autumn 7 eat 4 skating 
6 automobile 2 eating i 2 naive 18 sleep 
3 ecstasy h 3 nature 2 sleeping 
1 babble 3 euphon i 6 neat 6 smile 
2 babbling 5 3 new 2 smilin: 
4 baby 2 evening i 9 nice 21 smoot 
2 balmy 2 excellent 3 hush 3 nonchalant 1 smoothly 
2 baseball 5 exquisite 2 hyacinth 1 nonchalantly 
3 basketball 
: beautiful 4 faithful 3 ice cream 1 optimist 
4 family 2 interesting 1 optimistic 
8 father 2 outdoors 
2 faun 2job 
2 jolly 4 parents 
17 jovial 2 party 
4 joyful 2 patter 
2 joyous 3 peace 
3 June 2 peaceful 
2 perfume 1 successful 
3 kind 2 piano ' 12 summer 
1 kindliness 3 play 5 sun 
4 Please 2 sunlight 
4 fragrant ki § pleasant 1 sunny 
3 free 5 pleasing I sunrise 
9 fresh 3 pleasure I sunset 
15 friend i 8 pretty 10 sunshine 
1 friendly 1 psychology 38 sweet 
4 friends 2 swim 
§ friendship 2 quiet 3 sweetheart 
7 fun 2 quintessence 2 Sylvia 
4 cellar door 1 funny Leno. 2 symphony 
1 charm i 
7 charming 2 game i 2 tarn 
2 charitable 3 gay i i 3 tennis: 
2 charit 2 garden 3 light i 3 thoughtful 
3 cheerful 2 gardenia 1 light-hearted i 1 tinkle 
3 chemistry 2 generous 1 lightness 2 tinklin, 
2 chimes 3 gentle 2 liquid i 3 tintinabulation 
1 chiming 1 gentleman 4 limpid d 2 tone 
2 chocolate 2 linger 3 refreshing 2 tranquil 
2 Christmas 1 live I resonant 1 tranquility 
2 cigarette 4 Bi 2 living 1 resounding 10 travel 
1 cigarettes irl-fri 1 lovable 3 rest 2 traveling 
9 clean girl 87 love 4thythm 3 tree 
2 cleanliness 2 glamorous 25 lovely 1 rhythmic 4 trees 
2 clear 3 glow 1 loving 2 ripple 2 true 
5 clothes 2 God 2 loyal 1 truthful 
3 color 1 Godly 5 lullaby 
2 colorful 4 golden 4 luxurious i 2 uniform 
2 comfort 8 good 1 luxury 
1 comfortable 1 goodness f 6 vacation 
1 contented 5 gorgeous 2 magnificent 2 velvet 
3 contentment 2 graceful 2 marriage 3 violet 
6 cool 1 gracefully I marry 2 violin 
1 courage 4 gracious 2 marvelous 
I courageous 2 grades 7 mellow 
3 crystal 2 green 3 melodious 
12 melody 
18 dance 2 handsome I memories 
1 dances 15 happiness I memory 1. serenity 
9 dancing 35 happy 3 merry 2 seven 
2 day 5 harmony 12 money 2 show 
4 dawn 4 harmonious 4 moon 1 silence 
3 dear 7 health 1 moonbeams 3 silent 
6 delicious 3 healthy 4 moonlight 2 silken 
3 delightful 3 heaven 39 mother 3 silver 
6 dog 3 movie 2 silvery 


home 
1 homelike 4 movies 3 sincere 


588 
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TABLE IX 


Unpteasant Worps AND THE Number or Times Eacu Was Listep 


3 gt 
1 girl-friend 
1 girls smoking 


2 hot 

2 hydrogen sulfide 
2 hunger 

3 hungry 


1 insinuating 
1 insinuation 


3 jail 

2 jangle 
2 jealous 
2 jealousy 

1 Jewish 


1 Jews 


2 kidnapper 
1 kill 


1 killing 
2 labor 
2 lash 

2 lazy 

3 liar 

3 lie 

2 lightning 
2 liver 
3 loud 

1 louse 
6 lousy 


1 muddy water 
7 murder 

1 murdered 

1 murderer 

2 murky 


2 mush 


2 obnoxious 
2 odor 

2 oh yeah! 
2 operation 
2 orgy 


3 pus 
19 putrid 

2 quarrel 

1 quarrels 

1 quarrelsome 

4 quiz 


3 rough 


3 sad 

2 salt 

2 sandpaper 
3 sarcastic 

2 scal 

1 scabrous 

4 school 

2 scram 

3 scratch 

1 scratchy 

5 scum 

2 seaweed 

4 selfish 

2 sex 

2 

3 shrill 

1 shrill voices 
II Si 

8 

4 silly 
2 skinny 


12 stink 
3 stomach 
1 storm 
1 storms 
1 studies 
6 study 
2 stupid 
2 su 
5 sweat 
3 sweet 
3 swell 


2 teacher 

1 teachers 
2 tear 

2 terrible 

1 terrifying 
2 terror 

2 test 

2 tired 

1 tomato 

1 tomatoes 
2 treacherous 
2 touble 

2 tubing 

2 turnips 


40 ugly 
3 ugliness 
4 unclean 
4 uncouth 
3 unhappiness 
3 unhappy 


2 voluptuous 
7 vomit 
2 vulgar 


9 war 
2 wet 

2 whip 

2 whiskey 
3 winter 

2 worm 

I worms 
2w 

2 wr 

2 wrestling 
2 wretch 


2 yeah 
2 yellow 


2 accident 1 disgusted 4 hateful | 2 slander 
1 accidents 3 disgusting 2 hatred 2 must 10 slimy 
3 ache 2 dizzy 4 hell 5 sloppy } 
2 acid 3 dreary 2 hideous 11 nasty 1 sloppy dishes | 
1 acids 4 drunk 3 hiss 2 nausea 3 smell ; 
5 ain't 2 dumb 2 honey 2 nauseate 1 smelly 
2 alcohol 2 Hone 3 nauseating 2 smoking i 
§ anger 2 economics 7 horrible 1 neck 2 smut i 
4 angry 2 cee 4 horrid 2 necking 11 snake | 
2 ape 3 elegant 5 horror 2 nice 6 snakes | 
2 argument 2 enemies 4 hospital § noise 1 sneak i 
3 arm-pit 3 enemy 1 hospitals I nut 1 sneaking “4 
2 asinine II examination 2 nuts 3 sneer | 
3 ass 6 examinations 2 snow 
4 awful 9 exam 280 
8 exams 2 sock | 
4 bad 2 exotic 2 nurry 3 sore ‘a 
3 bang sorrow 
2 bastard 2 fail 3 ice 1 sorry | 
6 belch 3 failure 3 idiot 16 sour { 
7 belly 1 failures 2 ignorant 2 pa 2 spider et 
13 bitter 4 fat 4 illness 2 paddle 4 spinach | 
4 black 2 fatigue 2 imbecile 1 paddling 13 spit PH 
II 6 3 insane 9 pain 2 stench 
4 ly 4 fight 2 petticoat 
2 boil I fighting | 2 petty a 
2 boastful 5 filth 2 pig P| 
2 bum 4 filthy 2 pimple Py 
2 fire 1 pimples 1 
1 cacophonous 2 fish 2 pot | 
1 cacophony 2 fit 2 pretty | 
2 cadaverous 2 flunk 2 promiscuous | 
3 can’t 4 fog 15 peychology 
2 castor oil 3 fool 2 puke ; 
I cats 4 funeral 4 purple i 
| 
3 cheat 3 gaudy | 
2 clash 2 ghastly 
3 coarse 
13 cold 
1 colds 
2 conceit 2 glare | 
1 conceited 4 gloomy | 
2 contempt 2 gluttonous 6 rain 4 
2 corpse 2 gorgeous 2 rake a 
2 coward 6 got 4 Tasp 
1 cowardly 2 graft 3 rasping | 
2 cross 3 grating 2 tat 
2 cruel 3 grate 3 love 5 rats : ag 
rery 2 grease 2 razz j 
3 crying 3 4 mad 4red 
2 curse 2 gree 2 malicious 9 rotten ’ 
2 cuss 3 greedy 1 mangle | 1 
- 1 cussing 3 gregarious 2 mangled a 
4 cute § grind 2 maniac | 
9 gripe 2 manure a 
2 dame 3 grit 3 mathematics a 
2 danger 2 groan 3 mean ‘ | 
I 2¢ 2 meat 4 
2 dan 4 2 medicine 
4 dark 1 grouchy I mess i 
2 dead 2 gurgling 4 Messy be 
33 death 2 gut 2 mice ‘al | 
1 decit 5 guts 4 military a 
1 deceitful 1 gutted 2 mire a 
2 degrade 3 gutteral 4 morbid aa 
1 degraded 2 guy 4 moron co 
6 dentist 1 muck 4 
2 depression 1 hair 1 mucky Bd 
2 dirt 2 hairy 4 mud a 
10 dirty 1 half-wit 2 muddy ce 
3 disappointment 1 half-witted i 
2 discord 2 hard ‘se 
3 disease 8 harsh a 
4 disgust 45 hate 
| 
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Qualitative. (1) Common and individual words in the results of the 
lecture group. A great many words were written only once by a single S. 
These words depend upon associative bonds which are peculiar to some 
individual. Other words were listed by two, three, four, or more Ss; one 
word was listed as pleasing by 87 different Ss. The words which are com- 
mon to many Ss refer to areas of human experience wherein pleasantness 


and unpleasantness frequently arise. 

To study the frequency of occurrence of different words we limited 
consideration to those which had been checked by the Ss as especially 
pleasant or unpleasant. It will be recalled that after the Ss had completed the 
listing of words we gave the further instruction to “check several of the 
most pleasant and the most unpleasant words—three or four of each.” There 
were 3780, or more than one third of the total, words selected by the Ss 
as especially pleasant or unpleasant. Of this number 1979 were pleasant and 
1801 unpleasant. 


Table VII summarizes the frequency of occurrence of all words selected by the Ss 
as especially pleasant or unpleasant. The table should be read as follows: 559 
pleasant words occurred once, 110 pleasant words occurred twice, 62 pleasant words 
occurred three times, etc. The figures in columns two and three are expressed in 
percentages in columns four and five. Column four should be understood as follows: 
the 559 pleasant words which occurred once (559 X 1) are 28.2% of all words 
checked as especially pleasant; the 220 words which occurred twice (110 X 2) 
are 11.1% of the total; the 186 words which occurred thrice (62 X 3) are 9.3% 
of the total list, etc. 

A list of all pleasant and unpleasant words having a frequency of two or more 
has been prepared in the following manner. All of the checked words were copied 
on the typewriter; these were then clipped, alphabetized, and the number of occur- 
rences of each determined.” 

The accompanying tables, Tables VIII and IX, present all words checked as 
especially pleasant or unpleasant which have a frequency of two or more occur- 
rences. A few words with a frequency of one have been included because the mean- 
ing is clearly related to words with higher frequency. In a few instances two words, 
each occurring once, have been included because their meanings are so closely related 
that together they might be counted as two. 

The words are reproduced in exactly the form in which they were written. No 
attempt has been made to combine words with closely related meanings. For example, 
friend (15 times), friendly (1), friends (4), friendship (5), are closely related 
in meaning and the total frequency for all of them is 25; but they were treated as 
different words. Again, beautiful (54) and beauty (12) if combined, would give 
a frequency of 66. Such meaningful combination of words inevitably involves an 
element of interpretation and we have preferred not to risk this. 

Some of the most frequently listed pleasant and unpleasant words are given 
below: 


* This work was done by my secretary, Miss Martha Dean. 
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Pleasant words: Unpleasant words: 
87 love 45 hate 
54 beautiful 40 ugly 
42 music 34 (combined frequency) examina- 
39 mother tion, exam, exams, examinations 
38 sweet 33 death 
35 happy 19 putrid 
26 home 16 sour 
25 lovely 15 psychology (!) 
21 smooth - 13 bitter, cold, spit 
18 dance, sleep 12 stink 
17 jovial, murmur 11 blood, nasty, sick, snake 
16 spring 10 dirty, slimy 
15 friend, happiness 9 gripe, pain, rotten, war 
14 food, girl 8 harsh, sickness 
12 beauty, blue, melody, money, 7 belly, horrible, murder, sorrow, 
summer vomit 
10 flower, sunshine, travel, warm 


TABLE X 


FREQUENCY OF OccURRENCE OF PLEASANT AND UNpLeasANT Worps IN THE DATA OF THE 
PgrMANENT GRouP 


Number Percentage 


Frequency 
of Unselected Selected Unselected Selected 
Occur- 


2343 
133 
8 


I 
2 
3 
4 
5 
6 
8 


9 3 
10 2 
II ° 
12 I 


Among the words occurring only once in both the pleasant and unpleasant lists 
are the names of persons, places, actors, etc. Note the following instances: 

Pleasant: Alice, Annabelle, Anabelle Lee, Annamarie, Atlanta, Camile, Carolina, 
Cassanova, Cerulean, Garbo, George (2), Ginger Rogers, Guinevere, Helen, Illini, 
Jello, Kate, Lebanon, Lenore (3), Madonne, Madriguera, Marie, May, Mexico Pete, 
Rome, Shirley, Sunday, Sylvia (2), Wayne King, Wisconsin. 

Unpleasant: Abyssinia, Cicero, Clark Gable, Dillinger, Dills, Edgar, Edna, 
Elaine, Garrett, Huey Long, Katie, Mildred, Myrtle, Reds, Urbana. 

It is easy to understand why such proper names were included in the lists; their 
pleasant and unpleasant meanings have been derived from literature and life. 


(2) Repetition of selected and unselected words by Ss of the permanent 
group. The Ss of the permanent group had the task of writing down pleasant 
and unpleasant words on successive experimental days. To what extent does 


rai 
| 
| 
| 
2250 727 676 "74.4 65.7 56.7 61.7 
178 8.4 10.4 14.2 16.6 
52 46 39 4.6 4-5 10.7 10.7 ; 
20 30 32 14 2.5 3.5 10.0 5.1 | 
13 15 13 8 2% 3.3 5.1 3.6 | 
12 22 6 3 2.3 3.8 2.8 1.6 Hf 
9 18 I I 2.0 3.7 0.5 0.6 1 
7 16 1.7 3.8 | 
2 0.6 0.6 
° 0.0 0.0 
° 0.4 0.0 | 
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an S§ repeat pleasant words? To what extent does he repeat unpleasant 
words ? 


In considering this question selected and unselected words were treated separately. 
By selected words we mean those which were checked by the Ss as especially 
pleasant or unpleasant; by unselected words we mean the entire list as originally 
written before any words were checked. 

To study the repetition of selected words we copied off all of the words checked 
by S in the entire experiment. We then determined the number of these words which 
occurred once, twice, three times, four times, etc. This was done separately for 
everyindividual in the group. Individual results were then totaled; the totals are 
presented in columns four and five of Table X. [t should be pointed out that these 


TABLE XI 
FREQUENCY OF OccuRRENCE OF UNnsELEcTED Worps Listep BY A SAMPLE OF 30 Ss In Group C 


Number Percentage 


Frequency of 
occurrence 


©: 


vow 
MONT YM AW 

Or HO 


P 
209 
23 
6 
2 
4 
2 
I 


totals are not comparable to corresponding values in Table VII because they repre- 
sent something different and were compiled by a different method. To illustrate, if 
one and the same word occurred once in the results of subject A and once in the 
results of subject B, this word would appear as two single occurrences in Table X 
but in Table VII, which is based upon pooled group results, the word would be 
counted as having a frequency of two. 

Columns four and five of Table X give the total picture of the degree to which 
an individual tends to use the same word once, twice, thrice, etc., during the 13 days 
of the experiment.” Columns two and three show the same for unselected words. It 
should be stated that the figures for unselected words are based upon a random 
sample of 17 Ss and that the figures for selected words are based upon the entire 
experimental group. 

For the sake of comparison, the figures in columns two, three, four, and five have 
been converted into percentages. Columns six, seven, eight, and nine make it possible 
to compare the tendency of an S to repeat pleasant and unpleasant words. 


A careful study of the results will convince the reader that there is 
no significant difference between the tendency to repeat pleasant and the 
tendency to repeat unpleasant words. There is, however, a genuine and 
significant difference between the repetition of selected and unselected 
words. Relatively more of the selected words occur, twice, three times, four 


“Tt should be remembered that attendance was irregular; see Table IV. 


| 
I 238 
2 27 
3 6 
: 4 
5 2 
6 
7 4 
8 ° 


THE RECALL OF PLEASANT AND UNPLEASANT WORDS 593 


times, five times, which means inevitably that relatively fewer of them 
occur only once. Stated differently, the tendency to repeat pleasant and 
unpleasant words is more pronounced with those words selected by the 
Ss as especially P and U than with unselected words. 


To aid in understanding this finding we thought it would be worth while to 
inquire whether a similar contrast between selected and unselected words existed 
within the results of the lecture groups, Groups A, B, and C. The results summar- 
ized in Table VII are based entirely upon selected words, #.e. upon words checked 
as especially pleasant and unpleasant. To make the comparison we had to obtain 
figures equivalent to those in Table VII for unselected words, 

We therefore took a random sample of 30 papers from Group C. We clipped all 
words, keeping pleasant and unpleasant separate, alphabetized, and counted duplicates, 
triplicates, etc. The 30 papers contained a total of 321 pleasant and 335 unpleasant 
words. 

The results for the sample group are presented in Table XI. If the reader will 
compare the percentages shown in this table with those of Table VII, he will see at 
a glance that the unselected words have many more individual occurrences and fewer 
repetitions; and conversely that the selected words have more repetitions and fewer 
individual words. 

The comparison demonstrates that the difference in question is a function of 
selection rather than of any supposed tendency for ‘intense’ pleasant and unpleasant 
words to perseverate more than ‘weak’ ones. With the lecture groups persev- 
eration could not possibly come into the picture as an explanation of multiple 
occurrences. 

Incidentally, we should note that Tables VII and XI fail to reveal any character- 
istic difference in the frequency of occurrence of pleasant and unpleasant words. 

Why is it that words selected as especially pleasant and unpleasant contain more 
repetitions than unselected words? There are, we think, two sound answers to this 
question. 

First, the lists of unselected words show clearly that free association played an 
important réle in S’s performance, and this led to many individual associations, 
whereas the selected words were chosen more by S’s intention to mark pleasant and 
unpleasant words than by random associations. To make the point concrete let us 
consider a case. § starts with the word “jovial;” this suggests ‘John X;” “John X” 
suggests ‘‘party, beach, water, boat . . .” The latter words have an individual mean- 
ing; they refer to a particular pleasant experience. After a certain amount of free 
association S starts with another definitely pleasing or displeasing word and the 
process is repeated. Now in checking the most pleasant and unpleasant words after 
the listing is over the Ss tended to mark the key words and ignore individual asso- 
ciations. This means that the unselected list is attenuated by the presence of a large 
number of purely individual associations; that is exactly what the tables as well as 
the word lists themselves indicate. 

Secondly, the selected words are in fact what they purport to be; words which 
more than the others bring to consciousness meanings of pleasant and unpleasant 
experiences. The more highly the pleasant and unpleasant words are selected, the 
more certainly do they refer to common and repeated sources of human feeling. The 
very existence of common and repeated sources of feeling explains why it is that 
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Ss agree more or less in listing the especially pleasant and unpleasant words. 

(3) Relation between affective reaction to odors and the tendency to recall P and 
U words. On eight experimental days the Ss of the permanent group were given two 
tests at every sitting: (a) they were required to smell, one at a time, the odors in a 
standard series of fourteen, and to record their liking or disliking; (b) they were 
asked to write down pleasing and displeasing words as described in the present paper.” 

It might be assumed that a person of cheerful temperament would like most of the 
odors, and recall more pleasant than unpleasant words; and, conversely, that a de- 
pressed individual would dislike most of the odors, and think of more unpleasant 
than pleasant words. What are the facts? 
-.A_scattergram was prepared from 266 records obtained from 52 Ss during 8 days.” 
This scattergram showed the relation between (a) the percentage of pleasantness 
score made on the affective reaction test, and (b) the percentage of pleasant words 
listed at the same sitting. 

From the scattergram we obtained the following values: average percentage of P 
odors, 44.3, S.D. 16.4; average percentage of P words, 57.1, S.D., 10.7. 


The coefficient of correlation, computed by the product-moment method, was 
‘found to be —0.007. There is no relation whatever between the tendency to be 
pleased by odors and the tendency to recall pleasant words. The appearance of the 
scattergram is suggestive of no relationship between the variables, and this agrees 
with the value of r, which is practically zero. The result was checked in every way 


known to the writer. 
This negative finding is of considerable theoretical significance. It may be taken as 


evidence against the existence of a general factor of optimism common to the two 
tests. My own interpretation is that the test of listing pleasant and unpleasant words 
is not really a test of felt experience, but rather a test of verbal recall. Why should 
there be a relationship between verbally-recalled pleasant and unpleasant meanings 
on the one hand, and affective reactions to odors, on the other? Verbal responses 
are on the cerebral level, whereas the basic affective responses to odors are, we 
assume, on the thalamic level. The writer is reminded of Darrow’s demonstration 
that the bodily responses called out by emotionally loaded words are distinguishable 
from those called forth by simple sensory stimulations.” 

To press the argument further we have assumed that the recall of pleasing and 
displeasing words has about as much to do with felt experience as does the recall 
of the names of cities, of dates in history, of colors, or of anything you wish. From 
this standpoint we might expect that an S who can readily recall pleasant words can 
also recall unpleasant words with equal facility. 

This is a point which can be put to the test. To get an index of the relationship 
between the tendency to recall pleasant words and the tendency to recall unpleasant 


® The results from the odor experiment are presented in this volume, supra 277. 
A further discussion of this problem will be found in a forthcoming number of the 
Psychological Review in a paper by the writer entitled, “Is cheerfulness-depression a 
general temperamental trait?” 

* The details of available records are as follows: 
Days of experiment attended lee 
Number of Ss attending 4 

* Darrow, op. cit, 
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words coefficients of correlation were computed between: (a) the number of pleasant 
words listed, and (b) the number of unpleasant words listed. 

A scattergram in which the number of pleasant words was plotted against the 
number of unpleasant words revealed at a glance a positive correlation. For the men 
in the three lecture groups the product-moment ¢ was found to be +-0.58; for the 
women r was -++0.45. 

Another scattergram was prepared for the Ss of the permanent group, both sexes 
combined. The value of r, computed by the same method, turned out to be +-0.50. 
This value is of the same order of magnitude as those above. 

Our interpretation of these positive findings is direct. The number of words 
written on a sheet is a measure of the speed of writing, and the speed of writing is 
an index of the facility with which an S forms verbal associations. The facility in 
verbal recall is shown in two ways: (a) by the number of pleasant words, and (b) 
by the number of unpleasant words.” 


SUMMARY AND CONCLUSIONS 


The present experiment upon the recall of pleasant and unpleasant words 
was conducted in the hope of throwing light upon the relationship be- 
tween feeling and meaning. A group of 555 Ss were required for 4 min. 
to write down pleasant and unpleasant words, no instruction being given 
as to the relative numbers of each to be written. The same task was pre- 
sented repeatedly for 13 days to a group of 56 Ss. 

The results when treated statistically from various angles agree in this: 
about 55% of all recalled words, on the average, are pleasant and about 
45% are unpleasant. The difference though small is consistent. 

An examination of the words listed by our Ss has brought to light the 
fact that a large proportion of the words are individual, in the sense that 
they occurred only once in the entire body of data. Words which occurred 
two or more times have been tabulated and presented in frequency tables. 

The Ss, after their recall of pleasant and unpleasant words, were in- 
structed to check three or four of the most pleasant and the most unpleasant ; 
this checking gave a selected list. We have found that the list of selected 
words contains fewer words with a single occurrence and more with 
multiple occurrences than does the unselected list. The process of selection 
eliminates words with peculiar individual meaning and points to words te- 
ferring to the more common sources of pleasant and unpleasant feeling. 

The same contrast between selected and unselected words was found in 


* For a general orientation in the literature upon the problem of feeling in relation 
to memory the reader is referred to J. G. Beebe-Center, The Psychology of Pleasant- 
ness and Unpleasantness, 1932, Chapter 9; H. Meltzer, The present status of experi- 
mental studies on the relationship of feeling to memory, Psychol. Rev., 37, 1930, 
124-139; R. Stagner, The redintegration of pleasant and unpleasant experiences, this 
JOURNAL, 43, 1931, 463-468. 
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the results of the group which repeated the test daily. The selected words 
contained more repetitions and fewer individual words than the unselected. 
Pleasant and unpleasant words were alike in this respect. 

The number of words recalled by the Ss increases with practice, but 
drill does not change the relative proportions of pleasant and unpleasant 
words listed. Despite drill, about 55% of all words are pleasant. 

Facility in recalling pleasant words and facility in recalling unpleasant 
words are positively correlated (r = +0.50). We assume that there is a 
single factor of verbal ability expressed in two ways. 
~Scores in a test upon the affective reaction to odors were found to have 
no relation to scores indicating a tendency to recall pleasant words 
(r = —0.007). This means that if an S is readily pleased by odors no one 
can predict whether he will recall relatively more pleasant or unpleasant 
words. 

This finding of zero correlation is to be expected on the assumption that 
recalling pleasant and unpleasant meaning has little relation to felt pleasant- 
ness and unpleasantness. The recalling of pleasant and unpleasant words is 
a verbal exercise similar to that of recalling the names of cities, of gen- 
erals, or of anything else. In smelling odors, by contrast, there are primary 
affective reactions. The felt experience aroused by sensory stimulation is 
the basis of such verbal reports or judgments as “I like it,” “I dislike it.” 

Recall is a cerebral process; the primary affective reactions are assumed 
to be centered at the level of the thalamus. There are, of course, cerebrally 
aroused feelings of pleasantness and of unpleasantness. Everyone knows 
that pleasantness and unpleasantness can be established by recalling past 
experiences and imagining possible situations. The report of felt pleasant- 
ness which is associatively aroused is one thing, but the mere listing of words 
with pleasant and unpleasant meanings is something different. Failure to 
recognize this distinction leads only to confusion. 

When the psychologist states that “love,” “beautiful,” and “music” are 
pleasant words he knows that these words have associations which arouse 
or tend to arouse pleasant feeling. The awareness, however, of a pleasant 
meaning is not the same as an actual arousal of pleasant feeling. S may be 
aware of the meaning of pleasantness when no feeling is aroused; even 
in a thoroughly depressed mood he may be aware of the meaning of 
pleasantness without any trace of pleasant feeling. 


i 
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WHOLE AND PART METHODS IN PUZZLE SOLUTION 


By LELAND W. Crarts and HARRIET M. KOHLER, New York University 


The aims of this experiment were (1) to compare the relative efficiency 
of the whole method and of four different part methods for learning a 
puzzle of the jig-saw type, and (2) by analysis of the several part methods 
to discover the factors responsible for their variations in efficiency. 

In the investigation of the whole-part problem, this specific material— 
namely, jig-saw puzzles—has never before been employed. To be sure, 
Mather and Kline’s experiment with cardboard puzzles is usually listed 
among the studies in this field,t but their interest was in determining the 
relative efficiency of the two methods in learning to solve a series of six 
separate puzzles rather than in evaluating them in the learning of any single 
one. This procedure differs so widely from that usually employed in a 
whole-part experiment that their investigation is comparable neither with 
the present study nor with any other in the field. 


Furthermore, material of the general type to which jig-saw puzzles belong has only 
very rarely been used in the study of the whole-pa:t problem. Such puzzles are in the 
main non-verbal and non-serial in nature, and their solution is more a perceptual 
task than a motor one. S must above all learn the spatial pattern into which the 
puzzle is cut, and the spatial relation of each piece to the other pieces and to the 
whole. Although he must learn the correct manipulation of the pieces also, it seems 
clear that the codrdination of these manual responses as such is not the primary 
feature of his learning. In contrast to the present study, most investigations have 
employed material of the serial verbal. type, e.g. prose, poetry, lists of nonsense 
syllables, etc., or of the serial motor type such as mazes. Only in Crafts’ experiment 
with visual diagrams has material which is likewise primarily perceptual in nature 
been employed.’ As Perrin and Klein have pointed out, however, a large part of our 
learning is of this perceptual type, and there exists little knowledge as to the values 
of part and whole methods in this field.* It would seem desirable, therefore, to 
undertake studies employing this kind of material, inasmuch as they would represent 
an extension of the whole-part problem into a significant but as yet relatively unex- 
plored type of learning. 


In connection also with our first aim, it is worth pointing out that it 


is impossible to assert that the whole method is the most efficient if it is 
compared with one part method of learning only. For there are numerous 


* Accepted for publication October 19, 1936. 

*J. E. Mather and L. W. Kline, The psychology of solving puzzle problems, Ped. 
Sem., 29, 1922, 269-282. 

* L. W. Crafts, Whole and part methods with visual spatial material, this JouRNAL, 
44, 1932, 526-534. 

*F. A. C. Perrin and D. B. Klein, Psychology, 1926, 280. 
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forms of the part method—pure part, progressive part, direct repetitive 
part, etc.—and although the whole method might be superior to some one 
part method, it might equally be inferior to some other. It is therefore 
necessary to compare the whole method with several types of the part 
method if any valid conclusions as to its efficacy are to be drawn. For 
this reason four variations of the part method were used in the present 
study: the pure part, the progressive part, and two less usual modifications, 
the definitive and the progressive definitive, which will be described later. 
——With reference to the selection of these part methods, it should be noted that in 
this experiment they were not chosen a priori on the basis merely of what has 


traditionally been employed in studies of this type. Instead, after the pure part 
method as a learning procedure had been tested, three other part methods were 
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Fic. 1. DIAGRAM SHOWING THE PATTERN OF THE PUZZLE 


successively devised, each one having its characteristics determined by the results 
of the observation and analysis of the methods previously used, and each having as 


its aim the elimination of the defects which were apparently present in those earlier 
procedures, 


With respect to the second objective of this study, it may suffice to say 
that, while it is of some value to determine what method will be most 
effective for learning some given type of material, it is of even more value 
to discover just what factors do influence and determine the relative ef- 
ficiency of whole and part methods. Such an aim requires the use of more 
than one part method—in the present experiment, as we have said, four 
were employed—and also demands the recording of observational data of 
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both the objective and the introspective type in addition to the computation 
of the usual statistical averages and differences. 


The jig-saw puzzle is, as we believe, admirably suited for our present purposes 
because S’s reactions are very largely of the overt manipulative type and may, there- 
fore, be observed in detail by E. While numerous undetectable thoughts, unrecorded 
eye movements, and the like are no doubt incorporated in the total response, at the 
same time visible manual reactions do occur sufficiently often to permit E to form 
an adequate conception of what S is doing. When one adds introspective reports to 
the data thus obtained, one has, in our opinion, a better basis for one’s analysis 
of a particular learning method than is commonly obtained from the use of the 
more traditional verbal materials. 


METHOD AND PROCEDURE 


Subjects. The Ss were 100 undergraduate students in Washington Square College, 
New York University, divided into 5 groups of 20. These groups were identical 
with respect to the number of men and women in each, the classes from which their 
members were drawn, and their knowledge of jig-saw puzzles as determined by the 
reports they gave concerning their previous experience with them. 

Materials. The puzzle used was a 9-piece rectangle of the jig-saw type, 8 in. by 
10.5 in., cut from light brown beaverboard 1% in. thick. The pattern into which it 
was cut is shown by the broken lines in Fig. 1. Two horizontal rules, single near the 
top and double near the base (4 and 4, Fig. 1), were drawn in black ink and served 
as guides to S in his solution. The puzzle was so constructed as to form three non- 
transposable parts—I, II, and III in Fig. 1—every one approximately equal in ‘size 
and every one consisting of three pieces which were likewise non-transposable. 

The Ss solved the puzzle on base boards of natural-colored three-ply wood Y% in. 
in thickness, all of which, like the pieces of the puzzle, had two guiding black rules 
across them, the single one near the top, the double one near the bottom. Every base 
board was identical in size and shape either with the whole puzzle or with some 
part or combination of parts. There was a separate base board for each of the three 
parts; one for Parts I and II combined; and three for the whole puzzle. In one of 
these latter two diagonal black lines served to mark off all of the three parts from 
each other; in another a single such line separated Part III from the other two parts; 
and in the third no guiding lines were present. 

General procedure. The following general procedure was employed throughout 
all the learning methods. 

S was seated at a table opposite E and was given the board, or base, for the 
puzzle he was to solve and typewritten instructions for the experiment. When S had 
made himself thoroughly familiar with the latter, the pieces of the puzzle were 
exposed to view. 

These pieces were arranged in mixed order on a square piece of white cardboard. 
In order that their arrangement could be kept uniform for every S the place for each 
piece was faintly outlined on the cardboard. The position of the latter on the table 
was the same for the first trial with every S. In order, however, that S might not 
associate a piece with its position on the presentation cardboard rather than with its 
place in the puzzle itself, the cardboard was rotated 90° in a counter-clockwise di- 
rection before every trial. 
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At the completion of every trial, #.e. when S had placed the last piece in the puzzle 
correctly, the completed puzzle was immediately removed from his view. At the same 
time a curtain was drawn between S and E to allow the latter to replace the pieces 
on the cardboard unobserved. After an interval of approximately 30 sec., E gave 
the “‘ready’”’ signal and the curtain was opened exposing the pieces for the next 
trial. 

Scoring. The scoring was done according to the usual three criteria of trials, time, 
and errors. An error was defined as any shift or movement of a piece on, or from, 
the presentation cardboard which did not result in placing that piece directly in its 
correct position in the puzzle. For example, picking up a piece, holding it over a 

place in the puzzle, and then placing it elsewhere, or returning it to the cardboard, 
was an error. Holding a piece over a place in the puzzle and then turning it around 
to make it fit was one also, These and other points concerning the nature of an 
error were described in full detail in the instructions given to the Ss. 

The criterion of learning was two trials in succession without an error. In all 
learning inethods the score in time and trials for the final two perfect trials with the 
whole puzzle was excluded from the total score. 

Specific procedures. (1) Whole method. In every trial with the whole method, 
the Ss were presented with all 9 pieces of the puzzle, which was then put together on 
a base board identical in size and shape with the whole. None of the three parts 
was ever outlined. 

(2) Pure part method. In the pure part method every S solved the three parts 
of the puzzle successively in the order I, II, III, #.e. from left to right. Each part 
was solved on a board identical in size and shape with that part. The three pieces 
constituting each part were presented on a small square white cardboard which was 
rotated as described above. In the final work with the whole puzzle the procedure 
used with the whole method was followed. The Ss were informed in advance that 
they would solve three small puzzles, each of which was a part of a larger puzzle; 
and that, after completing the smaller ones, they would be given the pieces of all 
three small puzzles to solve the larger one. After S had solved each of the small 
puzzles, E reminded him of the next step to be learned and of its relation to the 
problem as a whole. For example, after Part I had been completed, E said “Now you 
have solved the first puzzle correctly twice in succession. You will now be given 
the second small puzzle to learn, then the third, and finally the whole puzzle of which 
these three smaller ones are parts.’ Every S$ was asked upon completion of the 
experiment whether in solving the large puzzle he had seen it as the three smaller 
ones he had learned, or as an entirely new problem. 

In scoring, every trial with a part was considered equivalent to 1/4 of a trial with 
the whole, the customary procedure with this method. In the later tables, S’s trials 
and time on the final trials with each part are included in his total score. 

Some comment on the relative value of the three criteria of trials, time, and errors 
in experiments on the whole-part problem seems called for. The writers believe that 
the criterion of trials is the least significant of the three, and this for two reasons. 
First, a trial in a part method is not the same thing as a trial with the whole method, 
since in the latter every trial involves work with the entire material, whereas in the 
former all of the trials on the parts are performed with a fraction of the material 
only. The customary procedure, which we have here followed, is to compute a trial 
on a part as the same fraction of a trial on the whole that the part itself was of the 
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whole material. Even with this procedure, however, some question as to the com- 
parability of trials in the two methods remains. Secondly, there is always the ques- 
tion whether in computing part method data the final errorless trials which conclude 
the work on each separate part should be included. Following Hanawalt,* we have 
decided to do so, since those trials do of course constitute practice of presumable 
significance to the later work with the whole. On the other hand, however, this 
practice is in a sense unnecessary, being forced upon S by E’s arbitrary standards 
of procedure, and the scoring of it may tend to increase the number of trials debited 
the part methods. 

The criterion of time likewise is ambiguous. With part methods it normally in- 
cludes the time spent in the proving and testing trials above referred to, and it may, 
therefore, be considerably in excess of what is really required for learning. The 
criterion of errors seems to be completely free from the above objections. It is 


TABLE I 
AveraGE Scores ror Att Metuops or LEARNING 
Whole Pure Progressive Definitive Prog. defin. 
part part 
Trials 4.05 
Time 254.3 
Errors 8.55 


Trials 6.1 7.9 
Time 1117.55 1071.5 
Errors 43.55 55.4 


Trials 6.2 11.95 
Total Time 1117.55 1325.8 1056.95 
Errors 43:55 63.95 47- 


probable, therefore, that errors constitutes the most valid standard for comparing 
part and whole methods with puzzle material. 

(3) Progressive part method. In the progressive part method the Ss solved the 
puzzle according to the procedure usually designated by this name. It differed from 
the pure part method only in that after Parts I and II had been separately learned 
they were solved jointly as one unit before Part III was undertaken. As before each 
part was solved on a base board identical in size and shape with the part. The pieces 
for each part were presented on separate cardboards, an additional larger cardboard 
being used for Parts I and II combined. As before the Ss were informed in advance 
of the method of learning to be employed; they were told that every small puzzle 
was a part of that larger puzzle which they must finally solve; and the same introspec- 
tions were required of them. As in the pure part method, every trial on a single 
part was scored as 14 of a trial on the whole, while every trial on Parts I and II 
combined was scored as % of a whole trial. The same method of totaling trials and 
time was likewise employed. 

(4) Definitive part method. The purpose of the definitive part method’ was to 


“E. M. Hanawalt, While and part methods in trial and error learning, Comp. 
Psychol. Monog., 7, 1931, (no. 35), 1-65. 

° This term was chosen because the method was one which limited, determined or 
defined the parts within the whole. 
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indicate to § while he was working with the parts the position of each part in the 
whole puzzle and its relation to the others comprising the whole. For this reason, 
though S solved each part separately as in the pure part method, he solved it on a 
baseboard which was the size and shape of the whole puzzle and was divided into 
the three parts by diagonal black lines. When, however, he had solved the three 


TABLE II 
DirrereNces IN AVERAGE TOTAL Scores TOGETHER WITH RELIABILITY INDICES 
Trials Time Errors 
Diff. % Gain Diff. Diff. i iff. Diff. % Gain 
loss S.D.ditt. SDairt, °F loss 


48.9 . 1.18 
59.0 
39.2 
43-7 
19.7 
—15.0 
— 9.3 
—32.6 


> 


Ak 


—27.2 

— 7-4 —138.95 
* A minus sign before any difference, or any gain or loss, indicates that the first named of the two methods com- 

pared was inferior. 


0. 
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parts separately he, like the Ss in all the other methods, did the whole puzzle on 
a baseboard which was not divided into parts. The Ss were informed that they 
would first solve the puzzle at the left side of the board (Part I), then the one in 
the middle (Part II), then the one at the right (Part III), and that finally they 
would be given the pieces of all three small puzzles to make the large one on a board 


without the guiding diagonal lines. In other respects the procedure was identical 
with that of the pure part method. 


TABLE III 
Dirrerences IN AVERAGE SCORES FOR THE PRACTICE WITH THE WHOLE Puzztz (WHICH IN THE 
Part Mernops Fottowep THE LEARNING OF THE Parts), TOGETHER WITH 
INDICES 


—728.25 6.15 

—484.05 3.65 

—922.65 8.55 

—682.2 4.57 

—438.0 2.63 

—876.6 6.82 

2.43 

—194. 3-14 

43) 6 4-64 

was inferior 


(5) Progressive definitive part method. The progressive definitive method was 
simply a combination of the progressive and the definitive methods already described. 
That is, the three separate parts were solved on a base board the size of the whole 
puzzle and divided into parts as in the definitive method, but Parts I and II com- 
bined were solved as one unit after each had been separately mastered, as in the 
progressive method. The base board used for the latter work conformed to the re- 


ans 


Me 

: Whole-Pure P. 5.85 15.7 20.4 2.18 31.9 
Whelo F. 8.79 — 5.9 3.45 0.61 7.3 
b> Whole-Def. P. 3.94 —24.6 — 9.05 1.03 —20.8 
d Whole-Prog. Def. 4-74 —37.0 —20.3 3.03 —46.6 
4 Pure P.-Prog. P. 2.94 —20.3 —16.95 2.26 —26.5 
Pure P.-Def. P. —1.91 —36.4 —29.5 2.94 —46.0 
Pure P.-Prog. Def. —46.9 —40.7 4.77 —63.6 
Prog.-Def. P. —4.85 —20.3 —12.5 1.86 26.6 
Trials Time Errors 
Dif. Diff. % Gain Diff. Dif. % Gain Diff. Diff. % Gain 
SDaitt. loss loss ot loss 
22.8 46.05 0.27 4.1 11.85 1.3 21.4 
Pu 
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quirements of the definitive procedure in that it was the size of the whole puzzle 
and bore one diagonal black line marking off Parts I and II combined from Part III. 


RESULTS 


Whole vs. pure part method. As the tables show, the whole method was 
superior to the pure part method according to all three of our criteria: 
trials, time, and errors. Only the difference in trials, however, is statistically 
reliable, though that in errors represents a gain for the whole method of 
over 30%. The inferiority of the pure part method is likewise indicated 
by comparison of the results of each method in the work with the whole 
puzzle. Except for time, which showed an extremely slight and wholly 
unreliable advantage for the pure part Ss, the latter seem not to have 
profited at all from their previous practice with the separate parts. For in 
spite of such practice they required 1.8 more trials than the whole method 
Ss did and made 11.85 more errors. 

This apparent inadequacy of the pure part method as preparation for 
work with the whole puzzle is further indicated by the introspective data 
which, as in Hanawalt’s experiment in maze learning,* show that every 
S using this method perceived the whole puzzle as though it were an 
entirely new one, with “no recognition . . . of the fact that the large maze 
(here, puzzle) being learned was composed of the smaller units already 
mastered.” 

In addition, observation of the Ss’ manipulation of the pieces in solving 
the whole puzzle showed that they always finally solved it as though it 
were an entirely unfamiliar one, even though in a few cases this type of 
approach was preceded by an ineffectual attempt to reconstruct the parts 
previously learned. 

In our opinion the above results suggest that the pure part method was 
in the main ineffective. As we have already pointed out, however, to find 
one part method inferior to the whole method does not insure that the 
latter will be superior to all part methods, nor does it in any way explain 
the inferiority of this pure part method as such. It was, therefore, deemed 
advisable to study other forms of the part method. 

Progressive part method. The progressive part method proved to be 
slightly superior to the pure part in time and errors and slightly inferior 
in trials. None of the differences, however, is reliable, and none exceeds 
26.5%. Comparison of the results with the whole puzzle alone, however, 
suggests that certain advantages probably did accrue to the progressive 


* Hanawalt, Whole and part methods in trial and error learning, J. Exper. Psychol., 
17, 1934, 691-708. 
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method. For in this phase of the learning it is reliably superior by all three 
criteria, and its advantage, in terms of trials, time, and errors is 41.8, 63.7, 
and 73.1% respectively. Here is statistical evidence, then, that the progres- 
sive method prepared S much more adequately for work with the whole 
puzzle than the pure part method did. 

The introspective data likewise substantiate this conclusion. For where- 
as in the pure part method all the Ss reported that when they finally came 
to work with the whole puzzle they saw it as an entirely new one, only 2 of 

_the 20 Ss in the progressive part method made such a report. One S recog- 
nized Part III in its new context, 2 Ss saw the whole puzzle as if composed 
of two already familiar parts (é.e. as Parts I and II combined, and Part 
III), while 13 stated that they perceived it as the three parts they had 
already learned. (Two Ss did not report.) 

Furthermore, the objective observations showed that, in contrast to the 
Ss in the pure part method, most of the Ss in the progressive part method 
evinced no serious confusion when they finally attacked the whole puzzle, 
but instead at once proceeded to the reconstruction of its three parts. They 
did, however, encounter considerable difficulty in the placing of Parts I 
and II combined and of Part III in their correct positions within the whole; 
a fact which was largely responsible for the devising of the definitive 
method. 

Comparison of the progressive and the whole methods shows that, 
whereas the latter was superior to the pure part method according to all three 
criteria, it is reliably superior to the progressive only in trials; in time and 
errors the two methods are not significantly different. 

Definitive part method. The definitive part method was the one which 
chronologically speaking was next employed. The unusual character of this 
method justifies the reminder that it was a procedure in which the Ss solved 
each part on a base board the size and shape of the whole puzzle, on which 
the position of each part in tlhe whole, and so its relation to other parts, 
was indicated by diagonal black lines. Further, the specific reason for using 
a method of this type was our observation of the difficulty which the Ss 
had experienced in the progressive part method in placing the parts in their 
correct relation to each other within the whole. 

As the tables show, this part method proved to be superior to the pure 
part method by all three criteria, and except for trials the differences are 
large and fairly reliable. In time and errors its superiority amounts to about 
36 and 46% respectively. Its advantage over the pute part method is shown 
even more clearly by comparison of the results on the whole puzzle, since in 
this phase of the learning it is superior by all criteria and by amounts rang- 
ing from about 20 to over 50%. 
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The introspective data also attest the superiority of the definitive part 
method. Eight Ss reported that they perceived the whole puzzle as the 
parts they had already learned, 5 recognized Part III, 2 recognized Parts 
I and II combined and Part III, and only 5 Ss viewed it as an entirely new 
problem, It will be recalled that all the Ss in the pure part method reported 
that the whole puzzle seemed to them like an entirely new one. 

The objective observations likewise show that the Ss in the definitive 
part method experienced far less confusion in solving the whole puzzle. 
They seemed to know, for example, where all of the three parts belonged 
in relation to each other and within the whole. They did, however, en- 
counter difficulty in linking the parts, a task which was not a serious 
problem to the Ss in the progressive part method. 

Comparison of the definitive part and the whole methods discloses no 
conclusive advantage in favor of either procedure. In trials, in fact, the 
whole method is reliably superior; in time and errors it is unreliably in- 
ferior. 

Comparison of the definitive with the progressive method shows that in 
total scores the former is superior, though not reliably, according to all 
three criteria and by amounts ranging from 20.3 to 32.6%. In the work 
with the whole puzzle, however, the progressive is superior, although not 
reliably, according to all criteria and by amounts varying from 26.4 to 
44.4%. 

Progressive definitive method. The progressive definitive method was 
the last one used, As we have seen, although both the progressive and the 
definitive methods proved to be superior to the pure part, they were not 
significantly superior to the whole.method and were likewise not reliably 
different from each other. One reason for this absence of clear and positive 
results seemed to be that while each of the above methods corrected one 
of the two primary sources of difficulty in the original pure part method, 
it left the other source quite unremedied. It therefore seemed desirable to 
employ a method which should incorporate in a single learning procedure 
the essential characteristics of both the progressive and the definitive 
methods. The results obtained therewith follow. 

The progressive definitive method proved to be superior to the pure part 
according to all three criteria, the differences being reliable in all cases ex- 
cept trials. Its advantage in time is 46.9%, and in errors 63.8%. Its superi- 
ority is even more strikingly shown by comparing the results for the two 
methods on the whole puzzle. The progressive definitive is now reliably 
superior to the pure part according to all criteria, and by amounts which 
in all cases exceed 60%. The introspective data likewise indicate its 
superiority. For no S in the progressive definitive method reported that he 
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saw the whole puzzle as an entirely new one. While one recognized 
only Part III and two only Parts I and II combined and Part III, 17 Ss 
perceived it clearly as the three parts that they had learned. 

The progressive definitive method was also found to be reliably superior 
to the whole method according to all criteria except trials in which it was 
markedly inferior. This exception, however, is only what may be expected, 
since a progressive method almost invariably requires by its very nature a 
relatively large number of trials, whereas the whole method procedure makes 
possible a minimum number. In time the progressive definitive is superior 
~-by¥-37.0% and in errors by 46.6%. 

Comparison of the progressive definitive with the progressive part 
method shows it to be reliably superior, or nearly so, by all three criteria, 
its advantage ranging from 27.2% in trials to 50.5% in errors. It is like- 
wise superior to the definitive method according to all criteria, and although 
none of the differences is reliable, its superiority in errors exceeds 30%. 

The superiority of the progressive definitive over both of its constituent 
methods is perhaps most clearly shown by comparison of the results with 
the whole puzzle. For here the combination method is superior to the 
others in every comparison, is reliably so except in trials when compared 
with the progressive method, and in 5 of 6 possible comparisons achieves 
advantages ranging from 50 to over 79%. 

Finally, with respect to the overt responses of the Ss in the progressive 
definitive method in their work on the whole puzzle, they seemed for the 
most part to experience none of the difficulties characteristic of the other 
groups. Instead they appeared to be occupied not so much in learning some- 
thing new as in perfecting that which was already familiar to them. 


DISCUSSION 


As was stated in the introduction, the aims of this experiment were 
(1) to determine the relative efficiency of the whole and of four different 
part methods for learning a puzzle of the jig-saw type, and (2) by analysis 
of the several part methods to discover the factors which caused them to 
vary in efficiency. 

With respect to the first objective above, our results suggest the following 
conclusions. (1) The whole method, although superior to the pure part 
method, was not clearly superior to the progressive, was probably somewhat 
inferior to the definitive, and was clearly inferior, except in trials, to the 
ptogressive definitive. (2) The pure part method, besides being inferior 
to the whole method, was the least effective of all the part methods em- 
ployed. (3) The progressive part method was superior to the pure part, 
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but was somewhat inferior to the definitive method and clearly inferior to 
the progressive definitive. (4) The definitive part method was inferior 
only to the progressive definitive. (5) The progressive definitive method 
was superior, not only to the whole method, but also to all the other part 
methods employed. 

One fact, incidentally, which these results show is that as we have pointed 
out, the whole-part problem cannot be solved, for a given activity or ma- 
terial, by comparing the whole method with one single part method alone. 
In the present experiment, for example, while the whole method was 
superior to one part method, it was scarcely more than equal in value to 
two others, and was probably inferior to a fourth. Very possibly similar 
findings would be obtained with many types of material if a sufficient 
variety of part methods were employed. 

So far as the experimental literature of the whole-part problem is c_.- 
cerned one need say little more than that the above results are not at all 
in disagreement with it.? No direct comparison with any other experiment is 
possible, because no other investigation has employed material like that of 
the present study, nor any method like our definitive part procedures. Our 
finding the pure part inferior to the whole method is, however, in accord- 
ance with the majority of previous investigations. Of 22 studies in which 
these two methods are compared in adult learning, 12 have found the 
whole method superior and only 7 the pure part, while the resultseof 3 
can best be termed variable. Furthermore, in the only other study dealing 
with material of the perceptual type, Crafts found the whole method 
superior in nearly every instance.* To find the progressive part method 
superior to the pure part is also not inharmonious with other studies since 
only one of 5 experiments on adult learning favors the latter.® Finally, to 
find no significant difference between the progressive part and the whole 
method is likewise more or less in accordance with the literature, since of 7 
studies extant the whole method was superior in four and the progressive 
method in three. 

With reference to our second objective; namely, to discover the fac- 
tors which cause the different part methods to vary in efficiency, our results 
afford several explanations. 

First, since the different part methods varied in efficiency according to 
the usual statistical criteria of learning, it is reasonable to assume that those 


™ For a recent summary of the literature see G. O. McGeoch, Whole-part problem, 
Psychol. Bull., 28, 1931, 713-739. 

® Crafts, op. cit., 530. 

® Hanawalt, op. cit., J. Exper. Psychol., 17, 1934, 706. 
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variations are the results of the characteristics in which the methods differed. 
Thus the fact that the progressive method was superior to the pure part 
suggests that one disadvantage of the latter consisted in its failure to give S 
practice in linking Parts I and II before the solution of the whole puzzle 
was undertaken. This conclusion is, of course, in agreement with the gen- 
eral opinion concerning the cause for the frequent superiority of the 
progressive to a pure part method, and is in fact specifically referred to 
by Pechstein in his study.1° Likewise the fact that the definitive method 
was superior to the pure part suggests that another disadvantage of the 

-datter lay in the fact that it did not indicate to § while working on any one 
part the relation of that part to all the other parts and to the puzzle as a 
whole. Although a method of this definitive type has not been employed 
by previous experimenters, the importance of the failure of the pure part 
procedure to place or otherwise relate the parts to each other and to the 
whole is frequently referred to in the literature. Pechstein’s comment to 
the effect that parts learned separately are incompatible when made to 
function as parts of the whole is a case in point.’? Our conclusion that the 
above are two significant sources of disadvantage to the pure part method is 
further substantiated by the fact that the progressive definitive method, 
which combined the characteristic features of both the progressive and the 
definitive procedures, proved to be superior, not only to the pure part but 
also,though in less degree, to both of its constituent methods. Furthermore, 
as we have already shown, these statistical conclusions as to the relative 
efficacy of the various part methods are in every case substantiated by the 
observational data, both objective and introspective. The rdle of these in 
suggesting to E further modifications of the part method has likewise been 
described. 

We have found, then, that part methods in which practice is given 
either in linking the parts, or in placing each part in its relation to the 
whole, or both, are superior to a pure part method. They were also in most 
cases, and according to most criteria, superior to the whole method itself. 

Before attempting to explain this result, however, it is essential to note 
that these variations of the part method, especially the progressive definitive, 
although they are part methods in the sense that S had practice on the 
individual parts before undertaking the whole, nevertheless have as their 
characteristic features certain of the attributes of the whole method. For 
example, Meumann says with respect to the latter that some of its efficacy 
is due to the fact that learning proceeds continuously in a forward direc- 


*L. A. Pechstein, Whole vs. part methods in motor learning. A comparative 
study, Psychol. Monog., 23, 1917, (no. 99), 1-80. 
* Pechstein, op. cit., 41-47. 
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tion so that no special act of learning is later required to master any 
transitional portion.'? In so far as the progressive method, however, gives 
practice in linking the parts before the whole is undertaken, there accrues to 
it the advantage which Meumann attaches to learning by the whole method. 
Furthermore, as both Meumann’ and Steffens'* point out, with the whole 
method the association of each of the elements of the material in its proper 
relation, not only to the other elements but also in its absolute position in 
the whole series is retained and strengthened. Meumann* and Pentschew** 
also suggest that in learning by the whole method the unity of the whole 
pattern present in consciousness gives the material a coherence and mean- 
ingfulness which aids in fixing associations. The definitive part method 
likewise indicates to S the position of each element (part) within the whole 
and, by keeping the pattern of the whole puzzle always before him, aids 
much as the whole method may in developing the coherence and meaning- 
fulness above referred to. Indeed the similarities between these modified 
part methods and the whole method are so great that one might better call 
them ‘mixed’ methods than classify them merely as part methods without 
qualification of that term. If this suggestion be followed, then we may 
conclude that it was really mixed methods which proved superior in the 
present experiment; and in addition that the nearer any mixed method 
approached the procedure of the whole method the more effective it became. 

Obviously, however, one cannot explain the superiority of these mixed 
methods to the whole method merely by reference to their similarity to the 
latter. Rather their advantage must have been due to their possessing, not 
only certain of the features of the whole method, but also certain of the 
characteristics of part method learning which, furthermore, must have been 
of value to them. As to the nature of the latter, they may well have been 
simply those factors traditionally cited as favoring a part procedure: such 
as, that the learner can better see the progress he is making; or that, as 
Pechstein remarks," positive helpful items of transfer (habits and atti- 
tudes) developed in learning one part carry over to the next more effectively 
with a part than with a whole method ;?* or that, as Reed has pointed out,?® 


*E. Meumann, The Psychology of Learning, 1913, 231-255, 369-375. 

* Op. cit., 231 ff. 

“L. Steffens, Experimentelle Beitrage zur Lehre vom dkonomischen Lernen, 
Zsch. f. Psychol., 22, 1900, 321-382. 

* Op. cit., 369 ff. 

**C. Pentschew, Untersuchungen zur Gkonomie und Technik des Lernens, Arch 
f. d. ges. Psychol., 1, 1903, 417-526. 

* Pechstein, op. cit., 49-58. 

* Although our Ss did learn the successive parts with increasing ease, this im- 
provement cannot unquestionably be attributed to transfer, since no attempt was 
made to rotate the order in which the parts were learned. 

*H. B. Reed, Part and whole methods of learning, J. Educ. Psychol., 15, 1924, 
107-115. 
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the length of the material is better adjusted to the attention span in part 
learning. 

Finally, the fact that the whole method did not prove to be superior with 
material as unified and coherent, as clearly patterned, as a jig-saw puzzle is, 
requires some comment. Exactly why it failed to be superior cannot be 
determined, but it is possible that unless the material is of such a nature 
that its pattern is irredeemably destroyed by any separation into parts 
whatsoever, some mixed method which, like the progressive and the defin- 
itive, possesses some of the virtues of a part and of the whole method 

 als0;-will often prove to be the most effective learning procedure. 
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CHANGES IN SKIN RESISTANCE AND AFFECTIVE TONE 


By NATHAN W. SHOCK and CLypE H. Coomss, University of California 


Recent studies of change in skin resistance have called into question the 
assumption of earlier workers (Wechsler,? Ruckmick?) that the phenome- 
non could be used as a quantitative measure of emotion aroused under any 
conditions. Landis and Hunt believe that these changes are related more 
nearly to startle or to tension than anything else.? Darrow identifies the 
reaction with “mobilization of energy’ or the conative aspects of the stimu- 
lus. Griinbaum correlates the resistance change with attention,’ while 
Weinberg relates it to the raising of the level of consciousness.* In fact, 
one may find investigations which claim to correlate almost any psycho- 
logical process with changes in skin resistance. 

To regard these changes as a measure of emotion, start, tension, or any 
other general state or process, is unquestionably erroneous. It is probable, 
however, that a homogeneous group of stimuli could be selected in which 
a change in skin resistance might give a closer correlation with one of the 
above named psychological attributes than another. 


“Affectivity’ was chosen for the present investigation because it lends 
itself to rating by naive subjects, who can report degrees of liking and dis- 
liking more readily than such things as tension, emotion, conation, and 
attention. Odorous substances were chosen as stimuli because extraneous 
surprise, emotion, tension, and so on, could be minimized ; while pleasant- 
ness, distaste, liking, and disliking could be accentuated by sensory and 


associative accessories to the olfactory qualities themselves.’ 
Wechsler presents the general proposition that ‘‘at least as far as humans are 
concerned, the psychogalvanic reflex is primarily, if not exclusively, an index of 


* Accepted for publication May 10, 1936. The authors thank the California State 
—o Relief Administration for clerical assistance in this problem. 

*D. Wechsler, The measurement of emotional reactions, Arch. Psychol., 76, 1925, 
1-181. 
?,W. S. Dysinger and C. A. Ruckmick, The Emotional Responses of Children to 
the Motion Picture Situation, 1933, 122. 

*C. Landis and W. A. Hunt, The conscious correlates of the galvanic skin re- 
sponse, J. Exper. Psychol., 18, 1935, 505-529. 

*C. W. Darrow, A personal communication. 

° A. A. Griinbaum, Aufmerksamkeit, Emotivitat und galvanisches Phinomen bei 
morbus Basedowi, Psychiat. en neur. Bladen, 26, 1922, 359-371. 

* A. A. Weinberg, Psyche und unwillkiirliches Nervensystem, Zsch. f. d. ges. Neur. 
4. Psychiat., 85, 1923, 543-565; 86, 375-390; 93, 1924, 421-445. 

*Madison Bentley has reported the confusion of other sense modalities with 
olfactory quality. See Qualitative resemblance among odors, Psychol. Monog. 35, 
1926, (no. 163), 144-151. 
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affective tone.’”* On the evidence both of his own experiments and those of the 
majority of other investigators, Wechsler concludes thatthe magnitude of the 
galvanic reaction is in no way dependent upon the intensity of the physical stimulus 
involved but varies roughly as the intensity of the affective tone accompanying each 
stimulus, Since Wechsler loosely uses the term ‘affective tone’ to designate a state 
closely akin to emotionality, we intend to limit the term to pleasantness-unpleasantness. 

Words have previously been used as stimuli in various studies of this kind, and 
Whately Smith has assumed that change in skin resistance is a direct measure of the 
‘affective value’ of words.° 

As for measurements of dermal potential or resistance, Dysinger has reported that, 
..in_25 out of 37 cases, the magnitude of deflection was indicative of the degree of 


Fic. 1. SAMPLE RECORD 


The record reads from right to left. 1. Galvanometer to hand electrode (a ay in the 
curve indicates a decrease in apparent resistance) ; 2. galvanometer to foot; 3. pulse 
tate; 4. respiration; 7. bed-movement; 9. time-interval of 1 sec. 


‘affective tone’ as reported by his Ss.” He used, however, the Hathaway apparatus, 
which Forbes has shown to be inadequate for such purposes.” 

Carter, Jones and Shock have reported greater average changes in skin resistance 
following unpleasantly associative words than pleasant.” Numerous other investiga- 
tions using verbal associates with the galvunometer will not be considered here since 
they derived ‘emotional values’ of the words instead of ‘affectivity.’ 

Affective value of odors has been dwelt upon by numerous investigators, but 
systematic studies of change in skin resistance as related to ‘feeling’ have not been 


Op. cit. 
*W. W. Smith, Experiments on memory and affective tone, Brit. J. Psychol., 11, 
1921, 236-250. 
2D. W. Dysinger, A comparative study of affective responses by means of the 
impressive and expressive methods, Psychol. Monog., 41, 1931, (no. 187), 14-31. 
“T. W. Forbes, The Hathaway galvanic apparatus as an instrument of research, 
this $ JOURNAL, 45, 2 502-511. 
“H. D. Carter, H. E. Jones, and N. W. Shock, An experimental study of affec- 
tive factors in learning, ]. Educ. Psychol., 25, 1934, 203-215, 
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made.” Gregor contends that “the form of the psychogalvanic reaction is independent 
of the quality of feeling aroused by the stimulus,” since, in the case of a single 
subject, the photographic records of the galvanic response to the pleasantness of 
eau de cologne and to the unpleasantness of asafoetida were found to be practically 
identical.” 

Hunt has found a tendency for unpleasantness to be more intense than pleasant- 
ness,” and Landis and Hunt made the observation that “unpleasantness is accom- 
panied by deflections (galvanometer) more often than pleasantness and the average 
size of the deflections is greater although the variability renders the difference 
unreliable.* 


The experiments. The present investigation was undertaken for the pur- 
pose of determining the relation between changes in skin resistance and 
the quality and degree of affection. 

Sixteen odors were presented serially to forty girls and forty boys 
(ages 11.12 to 13.58 yr., mean 12.46), chosen from the seventh grade of 
an Oakland junior high school. 


The apparatus used makes a photographic record of simultaneous changes in (a) 
apparent electrical resistance of both hand and foot, obtained by two pairs of 
electrodes and circuits employing two identical galvanometers and Wheatstone 
bridges, (b) pulse rate, (c) respiration rate, and (d) gross bodily movement. This 
apparatus has already been described in detail.” A sample récord is shown in Fig. 1. 
By calibrating each record, the galvanometric deflections were read and tabulated in 
terms of absolute ohms-change in apparent resistance for hand and foot.” 

The olfactory stimuli used were presented in the following order to each subject: 
(1) water, (2) peppermint, (3) 95%-ethyl alcohol, (4) chloroform, (5) 2%- 
ammonia, (6) wintergreen, (7) 1%-sulphur dioxide, (8) ethyl acetate, (9) caprylic 
alcohol, (10) ether, (11) naphthalene, (12) 1%-sulphur dioxide, (13) water, (14) 
peppermint, (15) 20%-acetic acid, and (16) ethyl acetate. 

The child sniffed the odor from a solutich in a 30 cc. glass-stoppered weighing- 
bottle held from one and one-half to two inches from the nostrils. Upon the presen- 


77. H. Kenneth, An experimental study of affects and associations due to certain 
odors, Psychol. Monog., 37, 1927, (no. 171), 1-64; H. and E. B. Cason, Affectivity 
in relation to breathing and gross bodily movements, J. Gen. Psychol., 9, 1933, 130- 
156; A. J. Harris, Affective contrast between modalities, this JoURNAL, 44, 1932, 
289-299; J. G. Beebe-Center, Variability of affective judgments upon odors, J, Exper. 
Psychol., 14, 1931, 91-93; J. H. Kenneth, A few odor preferences and their con- 
stancy, *bid., 11, 1928, 56-61; J. G. Beebe-Center, Psychology of Pleasantness and 
Unpleasantness, 1932, 1-427. 

“A. Gregor, Die hautelectrischen Erscheinungen in ihrer Beziehung zu den 
Bewusstseinsprozessen, Arch. f. d. ges. Psychol., 27, 1913, 240-284. 

*W. A. Hunt, The pressure correlate of emotion, this JOURNAL, 43, 1931, 600- 


605. 

*C. Landis and W. A. Hunt, op. cit. 

*7™N. W. Shock, A continuous recorder for obtaining synchronous curves of 
physiological response to stimuli in human subjects, Child Develop., 7, 1936, 169- 
182. 
8 A study of the relationship between absolute and relative deflections and con- 


ductances is being undertaken. 
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tation of each odor S$ was asked to specify its position on a rating scale of affective 
value. The rating scale ran from one to five; thus, (1) very pleasant, (2) pleasant, 
(3) neither pleasant nor unpleasant (indifferent), (4) unpleasant, (5) very 
unpleasant. While-the experiment provides conditions which are reproducible as 
to the average degree of concentration of the odorous substances used, the precise 
concentration in each individual presentation is not determined; this limitation is, 
however, of no consequence since each S$ estimated the affective strength of the 
stimulus which he received and the present study is concerned with the relationship 
between changes in skin resistance and affective quality and degree. 


TABLE I 
Equatep Groups or Opors 


Substances Order of Presentation Mean Rating* 


Peppermint 
Ethyl acetate 
Sulphur dioxide 
Caprylic alcohol 
Ammonia 
Aceticacid - 
Wintergreen 


Mean 


Peppermint 
Ethyl acetate 
Sulphur dioxide 
Ether 
Chloroform 
Naphthalene 
Alcohol 

Mean 


* In combined groups of boys and girls. 


Reliability of average ratings by S. The Ss of each sex were listed in 
random order and each sex was divided into two groups on an odd-even 
basis. The mean rating for each group on each odor was computed, and 
Pearsonian correlations between the mean ratings of the two groups in 
each sex were found to be +0.976 for boys and +0.938 for girls. The 
actual reliability of the ratings, taken as a whole, was then obtained by 
the application of the Spearman-Brown formula (2r/1+1). This reli- 
ability for the entire series was +0.988 for boys and +0.968 for girls. 
The reliability of mean ratings for both sexes taken together was +0.960. 

Reliability of galvanometric records. The average affective rating of each 
odor was computed for the combined group of boys and girls. The odors 
were then equated and divided into two split-halves on the basis of (1) 
mean rating and (2) position in the series. Two groups of odors were 
thus obtained in which the mean ratings were approximately equal and 


Group 
2 2.35 
8 4.10 
12 3-55 
I 9 3-90 
5 4.65 
15 3-95 
6 2.05 
mz 8 3.50 
14 2.10 
16 4-15 
7 3.80 
II 10 4.20 
4 4.20 
3.15 
3 2.90 
9 3-37 
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in which position-in-series was balanced. The equated odor-groups are 
given in Table I (water is omitted). 
Scores for each S were computed on these two equated groups for abso- 


TABLE II 


Assotute Deriections TO Opors; Spiit-HALF CORRELATIONS 
(N=Number of cases; r=Pearsonian correlation coefficient.) 


N 


Boys r 


N 


lute deflections (measured in ohms) shown by hand, foot, and mean of 
hand-and-foot. Raw split-half correlations ranging from 0.63 to 0.88 were 
obtained for boys and girls separately on the above measures (Table II). 


Girls 


TABLE III 
Arrective Grours or Opors 
Affectivity Group Stimulus Position 
Peppermint > 
Slightly P I Peppermint 14 
Alcohol 
Wintergreen 


Acetic acid 
Sulphur dioxide 
Slightly U Sulphur dioxide 
Caprylic alcohol 
Naphthalene 


ean 
Mean P.I.* 


Ammonia 
Chloroform 
Ethyl acetate 
Ethyl acetate 


oI 


* P.I.= Positive Index; calculated for each odor as mean rating to the odor minus rating 
of 3 (indifference), disregarding algebraic sign. 
When the Spearman-Brown formula for predicting the reliability of length- 
ened tests was applied, the reliabilities ranged from 0.77 for foot deflec- 
tions to 0.92 for the average of hand and foot. Because of the insta- 
bility of the foot-scores in boys, the average of hand-and-foot was used 


Hand Foot H+F 
a 34 37 39 
-9ot .04 .07 .03 
| 41 40 41 
Rating 
2.35 
2.10 
2.90 
2.05 
Mean 6.25 2.35 
Mean P.I.* 0.65 
15 3-95 
7 3-80 
12 3.55 : 
9 3-90 
11 3.15 
0.67 
5 4.65 
4 4.20 
Very U Ill 8 4-15 
16 4-10 
Ether 10 4.20 
Mean 6m 4-3 
Mean P.I.* 
| 
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in the remainder of the study. The most important indication here is that 
hand-scores are more reliable than foot-scores, although the differences 
are not statistically significant. 


Unfortunately, deflections on one or more of the odors for a given S were occa- 
sionally lost on account of instrumental difficulties. Because of this, Ss with less 
than four seores in each split-half were excluded from the correlation. This accounts 
for the varying values of N in Table II. 


Mean absolute deflections to slightly pleasant, slightly unpleasant, and 
very unpleasant odors. On the basis of mean ratings for both sexes taken 


SIGNIFICANCE OF THE MEANS OF ABSOLUTE DzFLEcTIONS (IN 100-OuMs) Between Two Groups 

Group Boys Girls 
Mean SP 5.22 6.29 
Mean SU 5-59 
Difference in above affective categories , 
oMain.* 
Critical ratio 
Mean SP 


Mean VU 

Difference in above affective categories 
°Main.* 

Critical ratio 


Mean SU 
Mean VU 
Ill Difference in above affective categories 
Main.* 
Critical ratio 

* Calculated as: oy4,,. =[oyq3t+on3—2t20y4,0m,)"*. Values of riz are given in the 
left half of Table V. 
together, the odors were divided into the three categories (1) slightly 
pleasant, (2) slightly unpleasant, and (3) very unpleasant (Table III). 

The mean score in each affective category for each sex as a whole was 
calculated from the hand-plus-foot averages. These results are presented in 
Table IV. The results here show significant differences in mean deflections 
for both sexes between the slightly pleasant and very unpleasant groups, 
and between the slightly unpleasant and very unpleasant groups. Through- 
out the table it should be noted that girls tend to show greater differences 
than boys between the means for any two groups. 

Mean absolute deflections in five affective categories. The five affective 
categories were very and slightly pleasant (VP, SP), indifferent, and very 
and slightly unpleasant (VU, SU). For each odor the galvanometric deflec- 
tions were sorted according to the affective rating of the individual for 
that stimulus. The mean galvanometric deflection was calculated for odors 


8.32 9.93- 
II 3.10 3.64 
-65 -61 
4-75 5-95 
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classified into each of the five affective degrees. The first two odors in the 
experimental series were not included in this analysis because of the effect 
of position. The mean deflection for each of the five degrees was cal- 
culated separately for hand, foot, and hand-plus-foot. The results are 
presented in Figs. 2 and 3. i 
It may be observed that the boys show an increasing “rean deflection 
for both H and H + F from VP to VU, whereas the mean deflections 
on the foot increase as one proceeds from ‘indifference’ tow a either pleas- 
~antness or unpleasantness. The girls show the same trénd throughout 
all three types of score, i.e. increasing mean galvanomettic deflections to 
affective categories in either direction from indifference. 
Without exception the mean deflection to SU stimuli is greater than to 
SP, and also greater to VU than to VP stimuli. 


TABLE V 
GaLvANomeTrRic DertecTION AND AFFECTIVE TONE 


Intercorrelation coefficients Correlated Affective 
variables degree 


girls 
-53 SP vs. VU cad 
-65 SP vs. SU = 
SU vs. VU 


The symbol *='" refers to similarity and ‘+’ to dissimilarity of the two correlated variables 
with respect to affective degree and quality. 


Discussion. Statistical reduction of the data has indicated that the extent 
of change in skin resistance in response to olfactory stimuli is related to 
two attributes, namely, (1) affective strength, and (2) affective quality. 

The factor of affective strength is operative in determining the extent 
of the subject’s deflection, since the mean-resistance change in response 
to very unpleasant odors is significantly greater than the mean-resistance 
change in response to slightly unpleasant odors.1® Since the average de- 
flection to SU odors is consistently greater than the average deflection to 
SP odors, for both boys and girls, it may be deduced that the factor of 
affective quality is also operative in determining the extent of deflection. 
Furthermore, the mean deflection to stimuli rated very pleasant was, with- 
out exception, less than the mean deflection to those rated very unpleasant. 
Also odors reported indifferent tended to have smaller mean deflections 


*The term affective strength, as used here, refers to the extent or degree of 
pleasantness or unpleasantness which is reported by the subject in terms of the rating 
scale, i.e. the amount of displacement from neutral which the subject reports. It is 
obvious that no reference is made to the ‘strength’ of the chemical substance in terms 
of physical concentration. 


Affective 
quality 
ys 
-59 
76 


CHANGES IN SKIN RESISTANCE AND AFFECTIVE TONE 619 


than any other category. This suggestion is also supported by the inter- 
correlations between deflection to the three affective categories.?° 

The argument for the above statement is expressed by Table V, where 
the intercorrelations between affective categories are shown with an indica- 
tion of the points of similarity and dissimilarity of the correlated variables 
with respect to affective quality and strength. A study of this table reveals 
the following facts: 

(1) When the two correlated variables are not alike either in affective quality 
or affective strength, the intercorrelation is lowest (SP vs. VU). (2) When the 
two correlated variables are alike in affective strength but unlike in affective 
quality (SP vs. SU), the intercorrelation is intermediate. (3) When the two cor- 
related variables are alike in affective quality but unlike in affective strength 
(SU vs. VU), the intercorrelation is highest. 


Hence the tentative conclusion is drawn that affective quality is as im- 
portant in determining the extent of galvanometric defiection as is affec- 
tive strength.?* 

In other words, if one wanted to predict the magnitude of the deflec- 
tions to be expected from SU odors, it appears that the prediction could 
better be made from the results using VU stimuli than from the results 
using SP stimuli of the same affective strength as the SU. 

Examination of the mean deflections to sub-groups shows that some- 
what greater deflections are obtained from the SU stimuli than from the 
SP stimuli, although the two groups are equal in affective strength, differ- 
ing only in affective quality. Thus, although the differences are not statisti- 
cally significant, the unpleasant stimuli tend to elicit greater changes in 
skin resistance than pleasant stimuli of equal affective strength. 

From this analysis of mean change in skin resistance and intercorrelations, 
it may be tentatively concluded that (1) the affective quality of the stim- 
ulus must be considered as well as the affective strength as a factor deter- 
mining the magnitude of the changes in skin resistance, and (2) for equal 
degrees of affective strength unpleasant stimuli tend to give greater changes 
in skin resistance than pleasant stimuli. 

Summary. The relation between changes in skin resistance, on the one 
hand, and the affective strength and quality of olfactory stimuli on the 


» Although the differences between the correlation coefficients are not statistically 
= the consistency between the two sexes is a strong indication that they 
are real. 

It has been argued that the above results may equally well be; interpreted in 
terms of steps on a continuous affective scale without qualitative distinctions; but the 
authors believe that the consistent difference between the mean deflections to slightly 
pleasant stimuli and the mean deflections to slightly unpleasant stimuli indicates that 
qualitative distinctions are a factor. 
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other, has been investigated in a group of 80 children. Fourteen odors were 
given as stimuli while simultaneous records of change in skin resistance 
of hand and foot were recorded photographically. The rank-order reliability 
of the average placement of each odor on a rating scale of affective quality 
was approximately +0.95. Split-half reliabilities of the average of hand 
and foot deflections in individual subjects were approximately + 0.92. 

Taking into account the order of presentation, the stimuli were divided 
into three groups on the basis of the mean ratings, SP, SU, and VU. The 
SP and SU groups were of equal affective strength but of opposite affec- 

quality. 

It is tentatively concluded that, in individual cases, (1) the affective 
quality of the stimulus must be considered, as well as the affective strength, 
as a factor determining the magnitude of the change in skin resistance; and 
(2) for equal degrees of affective strength unpleasant stimuli tend to give 
greater skin-resistance changes than pleasant stimuli. 


THE AFFECTIVE VALUE OF PITCH AND TEMPO IN MUSIC 
By KATE HEVNER, University of Minnesota 


This paper will give an account of the two experiments which complete a 
series of six studies on expressiveness in music and will offer a summary and 
discussion of the findings from the whole series.1 The previous experi- 
ments have determined the affective value of the major versus the minor 
mode,” ascending versus descending melody, firm versus flowing rhythms, 
and modern dissonant harmonies versus classical consonance.* The isola- 
tion of each of these variables in turn has been accomplished by writing 
two versions of the same composition in which all factors were held con- 
stant except the one element to be studied. For the study of the major 
versus the minor mode, for example, ten short compositions were chosen 
representing a variety of styles, tempos, rhythms, etc., and each was written 
first in the major, and then transposed to the minor mode of the same pitch. 
The compositions were presented as a short concert of piano music to 
groups of laboratory students who reported the meaning of each composi- 
tion by checking adjectives from a printed list. The differences between 
the number of votes for each adjective for the major and for the minor 
versions of the music indicates the effect of the change in mode. 

This method has two advantages: (1) the element to be studied remains 
in its proper musical setting, maintaining all its interrelations with other 
musical elements; (2) the use of the long list of adjectives divided into 
eight sub-groups allows the listener to report accurately and quickly his 
interpretation of the music and enables the experimenter to make quanti- 
tative comparisons both of the details and of the more general mood 
effects of the music. 

In the present studies we have undertaken an investigation of two more 
variables, tempo and pitch. The method is identical with that used in the 
earlier experiments. Two musical programs were arranged and played be- 


* Accepted for publication September 25, 1936. 

* The present study of tempo and the four previous studies were carried on while 
the author was Assistant Professor at the University of Minnesota, and were financed 
by grants from the research funds of the Graduate School, for which acknowledgment 
is made most gratefully. For the present study of pitch, the author acknowledges with 
pleasure the many courtesies extended by the Department of Psychology at Indiana 
University through the Chairman, Professor Edmund S. Conklin, the especially the 
assistance of one of the National Youth Administration workers from this laboratory. 

* Kate Hevner, The affective value of the major and minor modes in music, this 
JourRNAL, 47, 1935, 103-118. 

* Hevner, Experimental studies of the elements of expression in music, ibid., 48, 
1936, 246-268. 
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fore several University class groups, who had been told in general the 
nature of the experiments but were unaware of the specific purpose of the 
moment. The programs were carefully arranged to offer a pleasing variety 
of style and character in music. No listener ever heard both versions of the 


same compositions. 


The list of adjectives which the observers used for checking their responses to the 
music included sixty-one words, with the several words denoting one general feeling 
tone grouped together. These eight groups were posed around a circle so that the 
closely related affective states should be adjacent to each other and the most widely 
different states at opposite sides of the circle. These clusters of adjectives were 
arranged as follows: Group 1, dignified, spiritual, solemn, sober, and serious; Group 
2, sad, pathetic, mournful, melancholy, depressing, gloomy, heavy, and tragic; Group 
3, sentimental, longing, romantic, plaintive, dreamy, and tender; Group 4, calm, 
serene, soothing, lyrical, poetic, leisurely, and gentle; Group 5, delicate, light, 
graceful, sparkling, playful, jovial, humorous, whimsical, fanciful, quaint, and 
sprightly; Group 6, merry, bright, vivacious, cheerful, happy, gay, joyous, and 
carefree; Group 7, soaring, triumphant, elated, exciting, impetuous, restless, stirring, 
spirited, and dramatic; Group 8, forceful, vigorous, martial, ponderous, emphatic, 
majestic, and exalting.* The directions to the observers were printed at the top of 
each list: “Check all the adjectives that seem appropriate to the music. Check as few 
or as many as you like.” Every O had a fresh copy of the list for every composition. 

The experiments in tempo were combined with some supplementary studies of 
harmonic styles and therefore most of the music was written expressly for the 
laboratory work. There were two 8-measure themes fro.n Beethoven, Variations in A 
minor, No. 6, and Variations in C, No. 1, and two nocturnes and two preludes® of 
which several arrangements had been made. The results show that there was an 
adequate variety of mood effects offered by these compositions, for the votes were 
distributed over the adjective groups from group one to group eight as follows: 13%, 
8%, 10%, 13%, 20%, 14%, 15%, 6%. 

By experiment and consultation both a fast and a slow tempo were determined 
for each of these eight compositions. The considerations in choosing these tempos 
were (1) that the music should sound as pleasing as possible at both rates, (2) that 
the pianist should have good control and facility at the fast rate, and (3) that the 
fast rate should be approximately twice the rate of the slow. Actually the speeds 
were contrasted as follows: 63 and 104; 72 and 152; 80 and 102; 80 and 112. 
The tempo was controlled by means of a metronome. The assistant set it at the rate 
called for in the schedule and let the pianist look at the beat long enough to fix the 
time in his mind. The piano was a Steinway concert grand and both performer and 
assistant were hidden from the audience by stage screens. The Os were students 
in How to Study classes in the University of Minnesota in groups of 36 to 44. 

In the studies of the effects of pitch, thirteen compositions were used and the 


* A new and more precise grouping for the adjectives has been made by the author, 


but the earlier arrangement is used here in order that these results may be compared 
directly with the results from the melody, mode, rhythm, and harmony studies. For 
the new arrangement see Kate Hevner, An experimental study of the affective value 
of sounds in poetry, ibid., 49, 1937, 419-434. 

5 Written by Mr. John Verall, Instructor in Music, Hamline University, St. Paul, 


Minnesota. 
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listeners were 142 students in Laboratory Psychology at Indiana University. The 
selection of music which would sound pleasing at several different pitch levels 
proved to be a difficult matter. Only three of the compositions could be transposed 
from their original positions as much as one octave up and down the scale. They 
were No. IV, in C, from Dix Piéces Gaies by Tscherepnin; Chanson Russe, by 
’ Arensky; and Sonatine in A, by Ravel. Three pieces could be placed in fifth lower and 
an octave higher: namely, Sarabande from the Sixth English Suite by Bach; Rhap- 
sodie, Op. 119, No. 4, by Brahms, and Kinderscenen, Op. 15, No. 8, (Child Falling 
_ Asleep) by Schumann. Two compositions, the Chopin Nocturne, Op. 27, No. 2 in D 
flat, and Rustic Song from the Schumann Album fiir die Jugend were lowered one 
octave, and five compositions were raised one octave: namely, No. IX from Dix 
Piéces Gaies by Tscherepnin; Mouvement Perpetuel by Poulenc; Etude No. 5 in E 
major by Liszt-Paganini; Sailor's Song from Schumann’s Album fiir die Jugend; 
Notturno in G flat by Respighi. This made a total of thirteen musical compositions 


TABLE I 
Vores ror Every Apyjective Group In Stupies or Pitch AND TEMPO 


Rate Pitch 
fast high low 

200 (slow) 320 477 

106 11.7. (slow) 260 602 

122 15.5 (slow) 436 302 

151 19.7 (slow) 527 345 

600 5.8 (fast) 1166 694 

555 20 (fast) 606 473 

601 21.2 ~— (fast) 658 847 

187 6 (fast) 483 782 


CAD O 


RODD 


for which two versions, exactly one octave apart, were available, and since the move 
of one octave avoided any possible effects due to the change in key, the results of 
these thirteen pieces form the basis of our evaluation of the effects of pitch. 

The pianist* had practiced these numbers until the tempo and dynamics were 
thoroughly under control and the assistant who checked the playing time with a stop 
watch and observed the dynamics found practically no variation. The piano was a 
Steinway concert grand and the pianist was screened from the sight of the audience 
during the performance. 

For every composition the votes for the words in any one group from all the 
observers were summed. By contrasting these sums for the two versions of the same 
composition for each group in turn, the effect of the change in the one factor, e.g. 
the tempo, becomes readily apparent. For summarizing the effect of tempo in 
general throughout all the different compositions, the results for all the versions 
played at the slow rate were added together and likewise the results for all the 
versions at the fast rate. Then the differences and their probable errors were cal- 
culated for each adjective group. The final contrast, as in the previous studies in 
mode, harmony, melody, and rhythm, has been made by means of the ratio of these 
differences to their probable errors. 


*The author is very deeply indebted to Mrs. Evelyn Locke, pianiste, graduate of 
the Northwestern University School of Music, for her excellent services in the exact- 
ing requirements of playing the music for these experiments. 
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In Table I and Fig. 1 the effects of tempo and pitch are given for the 
eight affective states covered by these adjective groups. The slow tempos 
ate most effective on the dignified and the calm-serene groups, and also 
strongly effective on the sentimental-tender and the sad. The fast tempos 
very strongly affect the happy-gay and exciting-restless feelings and have 
some slighter influence on the graceful and vigorous groups. Fast tempos, it 
must be remembered, mean tempos of 102, 104, 112, 152. Slow tempos are 
at the rate of 63, 72, and 80. 

-—The table and figure showing the effect of pitch are based on the music 


HAPPY 


PITCH 


= 
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> 
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Fic. 1. RELATIVE EFFECTIVENESS OF PITCH AND TEMPO ON EVERY AFFECTIVE 
STATE (From D./P.E.»., Table 1) 


that was moved eight tones either up or down the scale, since such data are 
free from any possible effect due to change in key. They show that the 
high pitch has its greatest effect on the sprightly-humorous group and the 
low pitch especially on the sad qualities and on the vigorous-majestic and 
dignified-serious qualities. 

The thirteen compositions which were transposed a distance of one 
octave offered the listeners a satisfactory variety of mood effects. The re- 
sults show that the percentage of the total votes for the compositions at 
their original pitch are distributed over the eight groups from Group 1 
to Group 8 as follows: 9%, 11%, 9%, 10%, 17%, 12%, 17%, and 
15%. For the larger pitch ranges of 13 and 16 tones, however, only three 
compositions were used, and the absence of any votes in certain areas of 
the adjective circle makes it impossible to obtain a fair estimate of the 
effects over all groups. Smaller or larger differences for certain adjective 
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groups might mean merely that the few compositions were better adapted 
to bring out the differences in some group than in others. Differences and 
probable errors are therefore not given for these compositions, but the 
results have been studied by means of graphs, showing the characteristics 
of the music as it moved up or down the scale. 

Three compositions were heard in three different positions, one octave 
lower and one octave higher as well as in their original keys. When a plot 
is made showing the votes for each piece in all three positions, adjective 
groups 3, 4, 5, and 6 show continuously increasing numbers of votes as 
the piece moved from the lower to the higher register, and groups 1, 2, 7, 
and 8 show a corresponding decrease in votes. These changes coincide 
exactly with the effects noted in Table I and the graph shows these tend- 
encies in a very striking manner. The only exception occurs when the 
composition has an affective tone so concentrated on one or two groups that 
certain other groups are never checked by the observer at any pitch level. 
This is true for Piéce Gaie No. IV of Tscherepnin, which has so fast a 
tempo, such light intensity and exaggerated rhythm that adjectives signify- 
ing sadness, sentiment, and dignity are never checked in any version and 
nothing of the effect of pitch on these qualities can be discovered. Like- 
wise Arensky’s sad Chanson Russe with its heavy slow minor chords gives 
no feeling of happiness even at its very highest pitch level. 

The plots of the three compositions which were moved down five tones 
and up one octave show the same tendencies with great consistency and no 
exceptions. The study of these graphs therefore corroborates the results of 
the octave studies and indicates that moving the compositions over longer 
distances on the scale would exaggerate still further the changes already 
noted. 
In relation to the other four variables that were previously investigated 
in this series of experiments,’ pitch and tempo show themselves to be of 
the greatest importance in carrying the expressiveness in music. Tempo 
plays the largest part of any of these factors. It yields majorities on all 
groups and its effects are clear-cut and consistent. Modality is perhaps 
second in importance, although its general usefulness is not comparable to 
that of either pitch or rhythm since its effects are severely limited to four 
of the adjective groups: happy, sad, humorous, and sentimental. Pitch, 
like tempo, covers all eight groups with substantial effects on each, and 
should probably be rated as third in importance. High pitch shows its largest 
effects on the humorous-sparkling-playful tone and low pitch divides its 


*Hevner, opp. citt., this JOURNAL, 47, 1935, 103-118; 48, 1936, 246-268; 49, 
1937, 419-434. 
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effectiveness over sad, dignified, and vigorous-majestic groups. Since it has 
smaller but consistent effects on the groups adjacent to these, it is impor- 
tant to note that like tempo, mode, and rhythm, it cuts the adjective circle 
into distinct halves. 

Harmony and rhythm are on the whole less effective than these first 
three variables, for they show smaller majorities and cover a mote rfe- 
stricted range of feeling tone. Simple harmonies are happy, graceful, serene, 
and sentimental; complex dissonances are above all exciting and to some 
extent both sad and vigorous. The effects of the simple harmonies are more 
“distinct and clear-cut than those of the complex. Apparently the simple 
harmonies have a dignity and serenity which for many listeners conflicts 
with their tendency to find strength and sadness in the more dissonant 


TABLE II 


Retative WeicuTs For Mustcat CHARACTERISTICS FOR EACH AFFECTIVE STATE 
tN Terms oF D./P.E.p, FROM THE Six ExpeRIMENTS 


Musical characteristic 


Musical dignified sad dreamy serene graceful happy exciting vigorous 
element solemn heavy sentimental gentle — sparkling bright elated majestic 


major 4 minor 20 minor 12 major 3 _- 
slow 14 slow 12 slow 16 slow 20 i fast 
low 10 low 19 hi high 8 hi 
firm 18 firm 3 i flowing 2 
simple 3 complex 7 simple 4 simple ro simple 12 simple 16 complex 14 
ascend- 4 — os ascend- 3 descend- 3 — descend- 7 descend 8 
ing ing ing ing ing 
sounds. The harmonic effects therefore on this half of the circle of feeling 
tone (Groups 8, 1, 2, and 3) are apparently not interpreted with assur- 
ance. As modern music continues to establish itself more firmly in our 
musical culture, this obscurity may be cleared away. 

The effects of rhythm are quite clear but not so strong. A flowing rhythm 
is light, happy, graceful, and sentimental. The firm rhythm is predominantly 
dignified and strong, but for carrying the feeling tone of sadness and of 
serenity or of restless excitement, one is no more effective than the other. 

The ascending or descending quality of the melody is of practically no 
importance in carrying the meaning. Some tendency may be noted for a de- 
scending melody to seem exciting and for an ascending melody to carry 


dignity, but these differences are relatively very slight. 


GENERAL SUMMARY 


The data from these six variables may be assembled in another arrange- 
ment in order to throw a somewhat different light on their significance. In 
Table II, under the eight columns, are listed the musical characteristics 
whereby each affective state may be elicited. For example, from column 
one it appears that the feeling-tone of dignity and solemnity is interpreted 
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first of all through a firm rhythm, also by a slow tempo and a low pitch 
and not at all through the melody, harmony, or modality. We draw these 
conclusions from the relative weights given to these musical elements in 
terms of the ratios of the differences to their probable errors, (D./P.E.p )® 
determined from the six experimental studies. In column two we find that 
sadness is best expressed by the minor mode, a low pitch, and a slow tempo, 
with dissonant harmonies lending substantial support and rhythm and 
melody of little significance. Likewise the musical qualities for other affective 
states may be read from their respective columns. In some cases, as for 
example with columns seven and eight, for the mood effects of vigorous 
strength and of excitement, in general the same musical characteristics are 
required for both, although for the quality of excitement the tempo must 
be considerably faster, the pitch not quite so low, the rhythm less decidedly 
firm and the harmonies more dissonant. For the two related moods of 
happiness and playful grace the same elements are again required al- 
though the proportions are different. Sheer happiness, unmixed with 
delicacy or humor, demands a faster tempo, simpler harmonies, more flow- 
ing rhythm, and a less high pitch. 

Against the too hasty conclusions of a casual reader who may expect that 
we have undertaken to reveal a formula by means of which music may be 
written to fulfill the requirements of any desired mood effect, we cannot 
emphasize too often the limitations which must be applied to our results. 
Our findings do no more than reflect the methods and techniques of the 
musical artists whose works we have studied. To any successful composer 
the news that the public is interpreting his work in a clearcut and substantial 
manner cannot come as a great surprise. Neither do we presume to offer 
advice to the creators of new musical beauties on the proper use of musical 
effects. We can do no more than report to them which of these effects are 
most clearly and generally understood and offer some indication of the 
extent to which popular education in these musical matters has progressed. 

Our contribution has been in devising a technique whereby the listener 
has been able to report and the psychologist has been able to make a 
systematic summary of the extent and range of the affective tone-mood 
and feeling which is absorbed by human beings from their ordinary every- 
day musical experiences. Our Os probably represent a typical sample of 
listeners in general, not especially well trained in music nor with any un- 
usual gifts of appreciation, but drawn on the whole from the upper levels 
of culture and intelligence. The music has included examples from the 


* The method of arriving at a quantitative estimate of the importance of each ele- 
ment, the D./P.E.»., is not entirely satisfactory and must be taken merely as a gen- 
eral index, not as an absolute value. 
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best concert music of the day, classic, romantic, and modern, in a variety 
of styles best suited to bring out each of the six variables we have studied. 
The modifications by which these variables were isolated, e.g. the changes 
in tempo, pitch, and especially the changes in harmony, rhythm, and melody 
which were chosen for experiment, are certainly not exhaustive and they 
do not reach by any means the subtleties of invention and imagination 
which the composer has at his command. It is perhaps the more fortunate 
for our experiments that they are the more obvious of the characteristics 
with which the composer works and, therefore, fall well within the com- 
‘prehension of these typical listeners. 

The summary is neither complete nor inflexible. It is possible that re- 
finements in method, especially in the writing of the new music versions, 
may disclose some of the interrelations of these variables, and it is prob- 
able that new lines of development in music, the creation of new musical 
forms, and the increasing sophistication of audiences will eventually modify 
the results. 

Some of the variables have been explored more satisfactorily than others. 
The range of variation in pitch, for example, and of tempo, covers in gen- 
eral the range of variation ordinarily found in music of today, and the 
estimate of their importance is probably accurate. Likewise in the studies 
of modality, although all the colorings of the major with the minor have 
not been covered, the effectiveness of the modes is probably rated with fair 
accuracy. In our harmonic studies the variation from smooth consonance 
to sharp dissonance covers the most obvious and extensive effects of present 
day music. Although composers may be able to use some other types of 
harmonic structures with rich effectiveness, we still believe that our esti- 
mate of the importance of these effects relative to that of the other elements 
is fairly accurate. 

In our study of melody it is more difficult for the reader to be convinced 
that the estimate of the effectiveness is an accurate one because of the fact 
that only one characteristic, ascending or descending pitch, has been studied. 
Many characteristics commonly thought of as belonging to the melody, e.g. 
lilting and lively, are, however, actually attributes of the tempo or rhythm. 
Melody has but two characteristics that belong exclusively to itself, the up 
and down movement of the pitch (including the size of the interval) and 
the proportion of tonic and other rest tones (3 and 5) to the more active 
tones (2, 4, 6, and 7). Faced with these possibilities, we chose the ascend- 
ing and descending quality as the one which would be most easily per- 
ceived, and although further investigations of the qualities of melodies are 
indicated, we still believe that our estimate of the importance or rather 
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the unimportance of the purely melodic factors is a just one. 

In our study of rhythm, again, we chose from a number of possibilities 
one variation which commonly appears and may be readily apprehended 
by the average listener. Other more extreme variations such as Spanish 
thythm, syncopated rhythms, or various accented irregularities in rhythm, 
might have increased the relative importance of this factor, but since they 
represent the extreme rather than the means of usage, our estimate of 
rhythm may still be the more just. 

Finally, we must warn again that our findings are in the nature of broad 
generalizations and averages which represent the trend rather than the 
specific function. We are well aware that many contradictions to our find- 
ings appear in the musical literature; one may find examples of vigorous 
music written at a high pitch, sad music written in the major, and gay music 
at a low register, but a musical work of art is a complex of maziy interacting 
elements, and the effect of any one of them cannot maintain its identity in 
the blend of affective tone which results from the composition as a whole. 
Just as any one factor, the melody or the rhythm, may be emphasized or 
minimized by the composer in the musical structure, even more easily may 
the mood effect of any one element be emphasized, neutralized, or obliter- 
ated in the final effect upon the listener. 

Syntheses and combinations of the more obvious affective states give rise 
to an infinite variety of moods and feelings. To trace their sources in the 
blending of the musical elements would be not only a lengthy but perhaps 
an impossible task, for the exploration of these finer subdivisions of the 
elements of music and their subtle interrelations involves many more diffi- 
culties than the exploration of those simpler factors which we have already 
attempted. Of these difficulties, several have already made their appearance 
in the experiments intended to supplement our earlier experiments on 
harmonic effects as follows. 

(1) In making these more detailed analyses it became more difficult to 
write the experimental music. When the variations are more subtle, the 
attendant sources of error loom up with more importance. Further, there 
are so many ways of organizing and analyzing musical form that experts 
will invariably disagree in assigning a composition to one definite and 
limited category. They will likewise disagree on the point that a composition 
written under such rigid limitations sounds reasonable and pleasing. 

(2) It is a difficult task to find music that may be altered in more than 
one direction without detracting from its musical qualities. If a composi- 
tion has the right melody, rhythm, and tempo to allow a harmonic variation 
of one certain kind, the first success can rarely be extended to deviations 
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that are more extreme or of a different type. When as many as four versions 
of the same composition are devised under these strictly limited conditions, 
one of them is almost certain to be a musical failure. The audience will be 
confused, the votes few and scattered and for this particular version of the 
composition, no discernible meaning emerges. When as a precaution against 
the collapse of the meaningfulness of the music a composition is chosen 
with one concentrated mood effect, the variations in harmony are lost in the 
strongly marked rhythm or tempo or other quality that is carrying the mean- 
_ing, and have no chance to make themselves felt. 

With these more subtle variations, the typical student listeners are 
no longer able to register the corresponding differences in affective tone, 
for such deviations presuppose a more sophisticated audience, able to make 
finer discriminations and analyses of their musical experiences. Working 
thus below or near the unpredictable threshold of perception inevitably 
brings unaccountable deviations in the results. 


THE INSENSITIVITY OF THE CORNEA TO HEAT AND PAIN 
DERIVED FROM HIGH TEMPERATURES 


By JOHN PauL NAFE and KENNETH S. WAGONER, Washington University 


We previously reported an experiment upon the sensitivity of the cornea 
of the eye where stimulation was delivered with brass cylinders such as 
those ordinarily used for exploration of the skin and in which the cylinder 
was applied to the cornea by hand.1 Under such circumstances there was 
left upon the cornea an imprint such as that made by a shoe in fairly stiff 
mud, an effect which disappeared a few moments after the cessation of 
stimulation. This method also resulted in rather frequent reports of painful 


{ 


Fic. 1. DIAGRAM OF CORNEA STIMULATOR 
A= brass stimulating cylinder — weight 35 gm.; B = counterweight — 33.5 gm.; 
C= rack-and-pinion gear; D celluloid strip for stabilizing cylinder; E = handle. 


* Accepted for publication June 28, 1937. 
f P. Nafe and K. S. Wagoner, The experience of warmth, cold and heat, J. 
Psychol., 2, 1936, 421-477. 
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experiences, variously named and described, which now. appear to be due 
to the slight tremors of the hand used to deliver the stimulus. The present 
experiment is a continuation of the previous study. 

Apparatus and procedure. We used the same cylinder, 1.25 mm. in diam. at the 
contacting point and carefully smoothed, but it was now suspended over a pulley 
by a silk thread and counterweighted so that when applied with its full weight it 
rested upon the cornea with a weight of only 1.5 gm. It was raised and lowered 
by a rack-and-pinion gear and the whole apparatus (Fig. 1) rested upon a pivot so 
that it could be swung into position over one of O's eyes after he had taken a re- 
cumbent (supine) position. This arrangement permitted successive stimulations with 
practically the same weight and enabled E to control much more easily the position 
stimulated. A fixation-point upon the ceiling of the room was chosen to aid in holding 
the eye still and the lids were held open by E. The temperature of the cylinder was 
controlled by a water bath. When contact is made between the cylinder and the 
cornea, reflex movements of the eye are controlled with difficulty by some O’s but 
most of our Os, with frequent rest periods, succeeded without serious difficulty. The 
lids were released after every stimulation. Two temperatures of stimulation were 
used: 51.5° and 33° C. Stimulations were administered in chance order of which O 
had no knowledge. As a control, both sclera and eyelids were Stimulated at both tem- 
peratures. 


Results. A total of 75 stimulations of 6 Os gave no reports of pain at 
all, the heavy indentations did not appear and there was only one report 
other than simple contact or pressure, a report of “sharp contact.” In 31 
of the above cases the temperature of the cylinder was indifferent (approxi- 
mately 33°) and in 44 cases its temperature was 51.5°. Stimulation was 
made at least 2 mm. from the junction of cornea and sclera. Reports in all 
cases were of “‘contact’”’ or “pressure.” There were no reports of warmth, 
cold, heat, or pain. In the control series, at indifferent temperatures the 
reports from both areas were identical with those from the cornea. At 51.5° 
there were no stimulations of lid or sclera which failed to bring a report 
of “heat” or “pain” and most of these reports indicated the experience to be 
intensively rather severe. 

Discussion. There are few places in the body that show radical variation 
in the distribution of nerves and in sensitivity such as that shown by the 
cornea of the eye. It is therefore all the more regrettable that confusion 
resulted from the earlier investigations. The facts are really simple. Aside 
from slight complications about the junction of cornea and sclera, the cornea 
has a rich afferent innervation, all of which derives from somatic nerve 
fibers of the plexuses below and. all of which terminate as free nerve end- 
ings with many terminals very near the surface.? There are no blood vessels 


*R. Cajal, Histologie du system nerveux, Trans. by L. Azoulay, 2 vols., 1909, 
1-986; 1-993. 
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and consequently none of the visceral afferent nerve fibers commonly found 
throughout the sensitive areas of the body. We are thus presented with the 
possibility of determining the functions of the somatic free nerve endings 
of the skin and, by elimination, to determine the probable functions of the 
visceral afferents which occur throughout the skin generally in the walls 
of blood vessels and other plain muscle elements, Von Frey and his co- 
workers early found the cornea sensitive to pain aroused by mechanical 
stimulation although at the time no distinction was made between mechani- 
cal and other stimuli in relation to sensation. They also determined the 
insensitivity of the cornea to warmth and cold except for the extreme 
margins. They found the cornea insensitive to pressure but this appears to 
have been an artifact due to the type of stimulation used and the manner 
of applying it. The stimulus used was a hair, capable of gradations in 
intensity and, when used on the skin, capable of arousing touch or pressure 
sensations. Upon the cornea it aroused only pain and they concluded that 
the cornea was sensitive only to pain, a finding that was corrected by the 
researches of Nagel, Goldscheider and Briickner, Goldscheider, Kant and 
Hahn, Stein and Nafe. Most of the demonstrations were made by the use 
of cotton wool. In an experiment reported last year, we, under the necessity 
of stimulating the cornea with different temperatures, tried a brass cylinder 
upon our own corneas successfully and were surprised at the few reports 
of pain. That factor not being of particular importance for the problem 
then in process, we ignored the painful element when it occurred, We were 
at that time applying the cylinder by hand. We later suspected that the 
slight movements of the hand used for stimulating were important in 
arousing pain and so set up the apparatus described above which stimulates 
the cornea with very little movement of the cylinder. Under these circum- 
stances the situation becomes obvious, one may stimulate painfully or pain- 
lessly at will. This finding forces the conclusion that free nerve endings, 
the only afferent endings present, may transmit impulses associated with 
pain or with pressure or touch. The result depends upon one factor only, 
the intensity of stimulation. 

Types of sensitivity that are missing from the cornea presumably depend 
upon the vascular organs which also are missing in this area or upon the 
visceral afferent end-organs which also are completely absent. The missing 
types of sensitivity consist, so far as we have been able to determine, of 
warmth, cold, heat, and pain aroused by heat. There is a considerable body 
of evidence already existing tending to show a relationship between the 
visceral afferent fibers terminating within the blood vessel walls and these 
types of sensitivity. Warmth appears to be correlated with the afferent 
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discharge set up by vascular dilation, cold by moderate constriction, heat 
by more severe constriction and pain from heat when the constriction in- 
duced is extreme. The facts derived from the present study and from the 
previous investigation of the cornea fully support this hypothesis and we 
may account for much of the sensitivity of the skin upon a basis of these 
findings. 

Separate mention should be made of the showing of at least two different 
conditions for the arousal“of pain, one by extreme vascular constriction 
and most easily induced by extreme heat, and one by mechanical stimula- 
tion-te-the innervated tissue or nerve itself. Psychologically the differences 
between these two types of pain are not always well marked. It is to be 
noted that, aside from injury to tissue, both types of pain are aroused by 
changes in tension although these changes are accomplished by different 
means and stimuli adequate to the one are usually not adequate to the 
other, not because of any specific property of the nerve, but because of its 
size and manner of termination. 

The same observation may be made for the other types of sensitivity dis- 
cussed above. There is no need of hypothecating different “types” of fibers 
or specialized end-organs. The fact that the somatic afferent fibers of the 
skin (B group) are larger than the visceral afferent fibers (C fibers or 
smaller), and the distribution of the two kinds of fibers, is sufficient to 
explain how pain may be carried at times over both B and C fibers. It also 
explains the peculiar series of sensations resulting from thermal stimula- 
tion. Stimulation with extreme cold results in extreme constriction of the 
peripheral arterioles and is felt as pain; moderate cold stimulation results . 
in more moderate constriction and in sensations of cold; at skin tempera- 
ture there is no effect upon the vascular organs and consequently a psy- 
chological zero point where no thermal experience is aroused; still higher 
temperatures result in vascular dilation and the sensory experience is that 
of warmth; at still higher levels constriction begins again, but now with 
some differences, and is correlated with ‘heat ;’ and above this, thermal stim- 
ulation arouses extreme constriction of the blood vessels accompanied only 
by pain. It explains why adaptation to cold not only raises the threshold 
for cold but lowers it for warmth, and why the data from experiments 
with warmth and cold do not approximate Weber’s law in the manner 
characteristic of some other sense modalities.* It adds to the value of the 
hypothesis that it fits all the experimentally demonstrated facts and does 
not conflict with any known fact or established principle. 


*E. A. Culler, Thermal discrimination and Weber's law, Arch. Psychol., 13, 1926, 
(no. 81), 1-134. 
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CONCLUSIONS 


(1) The conclusions of the previous study are confirmed. The central 
part of the cornea of the eye is sensitive to touch, pressure, and pain, de- 
pending primarily upon the intensity of stimulation. It also is sensitive 
to itching. 

(2) Because the only afferent nerves in this area terminate as free nerve 
endings we must conclude that these organs may transmit all of the types 
of sensitivity enumerated. 

(3) The central part of the cornea is not sensitive to warmth, cold, heat, 
or, excluding injury, to pain aroused by heat. 

(4) There are at least two different physiological conditions for the 
arousal of pain. 

(5) Pain aroused by heat, excluding damage to the tissue, depends 
upon vascular action. The particular action involved probably consists of 
extreme constriction due to spastic contraction of the blood vessels and 
the afferent nervous impulses set up by such extreme action. 
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THE DEPENDENCY OF COLD UPON VASCULAR ACTION: 
STUDIES WITH NERVE BLOCK 


By JOHN PAUL NAFE and KENNETH S. WAGONER, Washington University 


The general effects of nerve blocks, either lesions or temporary blocks, 
often have been noted in connection with physiological studies. At first 
it was-belived that the resulting dissociation of the qualities of sensation 
proved that these qualities are correlated with different afferent fibers, each 
of which is specific to one type of sensitivity. For example the fact that 
cocaine, under certain circumstanes, will prevent the arousal of pain with- 
out abolishing sensitivity to pressure, warmth or cold, was interpreted 
to mean that the nerves subserving pain were anaesthetized, but not those 
associated with pressure, warmth, or cold. Logically it did not prove this 
to be true, but for many years no alternative hypothesis was offered. The 
work of Gasser and Erlanger’ showing the relationship between size of 
fiber and nature of the block, and the work of Tsai? upon the more intimate 
facts of the blocking process threw much doubt upon the hypothesis of 
fibers specific to different qualities of sense and so little is actually known 
about the essential nature of the blocks that the older belief has no con- 
siderable factual support. The experiments of Tsai are especially important 
in understanding these relationships. Although he worked with single 
nerve fibers, yet if the neural effects of painful stimulation are carried over 
fibers specific for pain, his results, using appropriate strengths of the drugs, 
should have shown evidence for a dropping out of a number of fibers, 
i.e. most or all of the “pain fibers.” There was no evidence for such a 
change. The alternative is that the arousal of pain demands a certain modi- 
fication in the pattern of discharge and this is what his records showed 
in all three cases: cocaine, ether, and alcohol. With cocaine, impulses in 
a single nerve are normal if of low frequency but high frequencies fail to 
pass as if the recovery of the nerve is slowed. If these nerves are specific for 
pain, then slow or fast they should arouse pain and only pain. On the con- 
trary sensation is still aroused but it is painless sensation. With ether and 
alcohol the energy of the impulses is lessened as if the excitability of the 
nerve is reduced. Again, if these fibers are specific to pain the resulting sen- 


* Accepted for publication June 28, 1937. 

*H. S. Gasser and J. Erlanger, The rdle of fiber size in the establishment of a 
nerve block by pressure or cocaine, Amer. J. Physiol., 88, 1929, 581-591. 

*C. Tsai, Action of narcotics on the conduction of nerve impulses from a single 
end-organ, J. Physiol., 73, 1931, 382-404. 
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sation should still be painful although perhaps lessened in intensity. This is 
not the case. Experience resulting from stimulation under such a block is 
painless and the difference evidently is due to a change in the manner of 
discharge, not in the type of fiber activated. Also, in all three cases, we may 
assume that the tendency of the impulses in a group of such fibers to 
become synchronized must be weakened for Adrian states the essential 
conditions for such synchronization to be strong and continuous stimula- 
tion. Hence we may conclude that what evidence exists supports a pattern 
theory better than a theory of specific functions. 


Two groups of investigators, Lewis, Pickering, and Rothchild*® and Clark, Hughes, 
and Gasser,* have recently shown that a block upon humans established by occluding 
the blood supply to a limb, results in a loss of sensitivity to touch, pressure, vibra- 
tion and the sense of position, as a group, after some 20 to 25 min. Warmth and 
pain disappear some time later. The former investigators found cold to belong to 
the second group but the others found it to lie between the two and nearer the 
first group. These findings are taken to mean that cold (?), warmth, and pain are 
transmitted, at least in part, by the smallest afferent fibers, by fibcrs represented in 
the C-wave and perhaps by fibers too small to be measured by the cathode-ray 
technique. It is known from anatomical studies that among the afferent fibers supply- 
ing the peripheral blood vessels are some of the smallest nerves in the body and this 
again suggests a relationship between vascular action and sensitivity to warmth, 
cold, heat and those types of pain called “‘hot’’ and “burning.” With cocaine block, 
in which the smallest fibers are first affected, cold disappears first, then warmth, pain, 
and pressure last, again showing that the fibers concerned with cold are among the 
smallest. 


PROBLEM 


It has been proposed that feelings of “cold” depend for their quality 
of “cold” upon a pattern of afferent nerve discharges rather than upon. 
fibers specific to cold, a pattern which is determined and impressed upon 
the volley of afferent nerve discharge by the contraction of the muscles 
of the peripheral arterioles and the present problem is designed to further 
test this hypothesis. It is here proposed to prevent constriction of the blood 
vessels by means of such a block, under which conditions stimuli that 
normally feel cold would not be so felt. In terms of the experiments above 
referred to, we propose to determine whether or not, at the time of dis- 
appearance of sensitivity to cold, the vascular system still responds with 
constriction when stimulated with cold. 


*D. Clark, J. Hughes, and H. S. Gasser, Afferent function in the group of nerve 
fibers of slowest conduction velocity, Amer. J. Physiol., 114, 1935-36, 69-76. 

*T. Lewis, G. W. Pickering, and P. Rothchild, Centripital paralysis arising out 
of arrested bloodflow to the limb, Heart, 16, 1931, 1-32. 
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METHOD AND PROCEDURE 


Apparatus. The standard Tycos blood pressure sleeve, such as is ordinarily used 
for taking blood pressure (with aneroid), was used to establish the block. A standard 
metal plethysmograph, with several modifications, was used to measure volume 
changes of the hand. The plethysmograph was connected to a Marey type adjustable 
recording tambour with a writing lever which recorded on a slowly revolving 
kymograph drum. The plethysmograph was provided with a funnel so that water 
at any desired temperature could be placed in the funnel and admitted into the 
plethysmograph directly upon the back of the hand. The end of the tube conducting 
the water was never over 14 in. from the surface of the skin of the hand within 
thé-ptethysmograph. Large thermos jugs were used as containers of water to stimulate 
the left hand and these were raised up over the hand to stimulate, no movement 
being required of the observer. 

Procedure. The right hand (test hand) was placed within the plethysmograph 
filled with water at approximately 33° C. Before the block was applied, records 
were taken under normal conditions by stimulating the left hand with cold water 
(20° C.) to show that constriction normally does take place and that the instrument 
is capable of measuring it. It has previously been shown that stimulation of one hand 
with cold is accompanied by vascular constriction in the contralateral hand and that 
stimulation of one hand with warmth is accompanied by vascular dilation in the con- 
tralateral hand.* It has also been shown that during these processes there is no change in 
the temperature of the skin of the contralateral hand. The blood pressure sleeve was 
applied to the S’s right arm, well above the elbow and inflated to and held throughout 
the experiment at a pressure well above the systolic blood pressure of the particular 
subject. In some of the experiments, during the 35 or more minutes that the block 
was taking effect, records were taken at short intervals showing the constriction 
following stimulation of the contralateral hand with cold and thereby demonstrating 
that during the time the tests are being made the constrictions continue to take place 
for some time. Such tests also show the temporal course of the effects of the block 
upon the vascular constrictions. After some 35 to 45 min. of blocking, when stimula- 
tion of the left hand produced no constriction in the test (right) hand, water of a 
temperature approximately that used to stimulate the left hand was admitted through 
the intake funnel in the plethysmograph immediately above the hand, thus directly 
stimulating the test hand. § was instructed to report any thermal sensations when 
such stimulations were given. 

It must be remembered that there are many factors at work which affect the blood 
volume during these experiments and consequently it is not to be expected, even 
without stimulation, that the records will remain quiet over long periods of time. 
Long periods of increasing or decreasing blood volume necessitate frequent adjust- 
ments of the apparatus. Stimulation (to the left hand) was given when changes due 
to uncontrolled factors appeared to be at a minimum, that is, when the line appeared 
fairly smooth. In those cases where it is rising or falling to some extent when the test 


* N. E. Freeman, The effect of temperature on the rate of blood flow in normal and 
in the sympathectomized hand, Amer. J. Physiol., 113, 1935, 384-398; J. P. Nafe 
_ S. Wagoner, The expetiences of warmth, cold and heat. J. Psychol., 2, 1936, 

21-477. 


| 


THE DEPENDENCY OF COLD UPON VASCULAR ACTION 639 


is made, allowance must be made for the rate of change, and while this permits 
of error, we assume that on the average the results will reflect the change due to 
stimulation. 

RESULTS 


The records with K.M.C. were run at about 32 sec. to the inch. Two 
tests, taken under normal conditions, stimulating the contralateral hand 
with water at 20°, give records of long constrictions (Fig. 1). A supple- 
mentary record (Fig. 2) shows the tests after blocking. After 42 min., 
stimulation at 20° fails to produce any drop in the record and a similar 
response with a very slight drop is shown after 43 min. The slight drop 
is interpreted as incidental and the records are taken to show a failure of 
constriction. Stimulation of the test hand with equally cold water (20°) 
at this point is not shown upon the record but such stimulation was applied 
and was not felt. S was uninformed of the purpose of the experiment. 

The records taken with C. J. (Fig. 3) show constriction with the first 
three tests all of which were taken under normal conditions, that is, 
before the block has been applied. The next test was taken after the block 
had been applied for 47 min. Stimulation was with water at 20° and the 
record shows a slight drop. Immediately afterward, upon being stimulated 
with cold water (20°) upon the test hand, § reported that he “felt the 
cold very slightly.” After 51 min., stimulation of the contralateral hand 
at 20° showed no fall and upon direct stimulation of the test hand S re- 
ported his inability to feel the cold at all. This S was also not informed of 
the purpose of the experiment. 

K.S.W., the junior author, worked with full knowledge of the nature of 
the problem and the significance of the results. Two records are shown. In 
the first (Fig. 4) the speed of the kymograph drum is reduced to 14th the . 
speed in the other records. Two tests were taken under normal conditions, 
both showing constriction upon stimulation of the contralateral hand with 
water at 25°. (Note the break in the record, 11 min. were allowed to elapse 
before the first test was recorded.) After the first test, there is no apparent 
diminution of response for the first 29 min. At the 32-min. test there is no 
constriction shown and 3 min. later constriction again failed to appear. 
Stimulation of the test hand at this point with water at 25° gave a report of 
no thermal experience. Stimulation of the contralateral hand now with water 
at 15°—10° colder than before—gave a record of constriction and stimula- 
tion of the test hand with water at this temperature gave a response of 
“cool.” Stimulation of the contralateral hand next with water at 41° was 
followed by a rise, indicating vascular dilation, and stimulation of the test 
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hand with water at 42° was reported “warm.” Stimulation of the contra- 
lateral hand with water at 48° resulted in constriction and stimulation of the 
test hand with water at this temperature was reported “hot,” a result entirely 
in agreement with the findings in previous studies. (The wide excursions of 
the recording pen result from the introduction of water into the plethysmo- 
graph system and balance has to be restored after each such test. The fact 
that at the last such adjustment the balance is considerably higher than 
formerly is without significance for this problem.) In the second record 
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Fic. 5. DEPENDENCY OF -COLD UPON VASCULAR ACTION 


with K.S.W. (Fig. 5), stimulation of the contralateral hand with water of . 
20° after 41-min. exposure to the block produces no constriction and stimu- 
lation of the test hand shows a lack of sensitivity to cold of 20°. 


DIscussiION 


There are some rather noticeable differences between our experiment and 
that of the earlier investigators in the manner in which stimulation was 
made. Lewis, Pickering and Rothchild kept the blocked arm in a water bath 
at from 30° to 35°C from which it was removed only for the brief periods 
required for stimulation. During the stimulation with cold the bath was at 
30°. In our experiment the hand is in the plethysmograph in water at about 
33°. Their stimulus itself consisted of another bath at a critical temperature, 
20° or 25° while we stimulated by forcing water of critical temperature 
through the water of the plethysmograph. Clark, Hughes and Gasser do not 
report in detail but repeated and confirmed the work of Lewis, Pickering 
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and Rothchild. For the latter group sensitivity to cold had not disappeared 
after 30 to 35 minutes of block although there was only from 5° to 10° 
difference between the water of the bath and that of stimulation. Clark, 
Hughes and Gasser report the disappearance of sensitivity to cold somewhat 
earlier and identify it with the first group while Lewis, Pickering and Roth- 
child report, and we found, that sensitivity to cold persists long after the 
disappearance of the first group including pressure, touch and sense of 
movement. The inclusion of cold with the group of sensitivities mediated 
by the slower fibers is supported by the fact that with cocaine block, in which 
the small fibers are first affected, cold disappears first. 

Both of the earlier groups, in discussing their results, assume that pressure 
drops out with the disappearance in function of “pressure nerves,” pain 
with ‘‘pain nerves,” cold with “cold nerves” etc. The results do not force 
such a conclusion. We believe that experiences of warmth and cold not only 
depend upon the integrity of certain fiber groups, but we also believe that 
these particular fibers are brought into action by the dilation and constriction 
of the blood vessels and, consequently, anything that interrupts or interferes 
with vascular dilation and constriction would also abolish sensitivity to 
warmth and cold even if the nerves themselves were intact. As has previously 
been pointed out there are many factors affecting the condition of the blood 
vessels but one especially important fact has been pointed out by Lewis,* 
namely that although the blood vessels of the skin, under normal conditions, 
when fully contracted can resist a pressure of from 90 to 100 mm. Hg., yet 
when dilated can contract to expel their contents only up to 50 or 60 mm. 
Hg., and under the conditions of this experiment, where the vessels are 
engorged, their resistance is probably still less. Consequently, when the 
engorgement becomes sufficient constriction will fail and in the ischemic 
condition required by this experiment, other factors also are doubtless work- 
ing to cause a failure of the muscles of these vessels. Hence the appearance 
of the two experiments reported above opened the question as to whether, 
under the conditions of this experiment, the failure of sensitivity to cold 
occurred with the failure of the fibers which carry the impulses or if the 
failure occurred when the muscle action necessary to excite the fibers in this 
particular manner failed. We have, we believe, shown definitely that the 
failure of sensitivity to cold is concomitant with the failure of the vascular 
muscles to contract. It is also possible that the nerves failed at the same 
moment but there is sufficient evidence yet to convince us that this is not the 
case. Lewis, Pickering and Rothchild found, and presumably also Clark, 


*T. Lewis, The force exerted by the minute vessels of the skin in contracting, 
Heart, 11, 1924, 109-115. 
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Hughes and Gasser, that even at the end of their experiment it was still 
possible to stimulate the sympathetic fibers because goose-flesh could be 
induced by stimulating the nerve trunk. It also has been shown that the 
fibers involved in warmth, heat and pain are still functioning. Gasser and 
Erlanger have shown that in cocaine block the smallest fibers go out first 
and Gasser has cited the fact that in such cases sensitivity to cold goes out 
first of all these sensitivities.’ Hence we must assume that the cold fibers are 
not larger than those for warmth, heat, pain, or the sympathetics that supply 
the pilo arrectores but on the contrary, if there is any difference, they are 
smaller. Consequently we must assume that these fibers are still functioning. 
We know that the musculature is unable to constrict. Consequently the 
failure of cold is related to the action of the muscles. 

These experiments have a much greater significance if one can, for the 
moment, lay aside the doctrine of fiber types and assume that the only 
difference in nerve fibers is one of size. There are then three major groups, 
the A, B and C elevations, with subdivisions. Among the slowest fibers are 
those visceral afferents from plain muscle elements of the skin which trans- 
mit warmth during moderate vascular dilation and cold during moderate 
constriction. They transmit impulses correlated with heat when the contrac- 
tion becomes more severe and pain when the contraction becomes extreme. 
These correlations fit the facts as known about the sensitivity associated 
with the small afferent nerves, account for the separation of qualities during 
block and for the fact that pain requires relatively intense stimulation 
although it is not always accompanied by the greatest frequency of dis- 
charge. (It would involve the greatest frequency of discharge for the par- 
ticular size of fiber involved.) Such a theory would also account for the 
fact that light contact seems to be related to large fibers with high conduc-’ 
tion rates and high frequencies of impulses because touch is essentially a 
mild form of stimulation and will naturally discharge the most irritable 
fibers which also are exactly the largest fibers present within the area con- 
cerned. It becomes apparent then that pressure will involve more fibers of 
this size range including many less irritable than those involved in touch 
alone, the discharges will occur over more nerves, will include the touch 
fibers and the impulses will be widely scattered. Pain, requiring more intense 
stimulation, will excite the same fibers but the latency will be appreciably 
shortened and the discharge will be, over a nerve trunk, a more massive 
affair with relatively high frequencies and involving practically all the fibers 
within the area. This would satisfy the apparent fact that pain can be 


"H. S. Gasser, Conduction in nerves in relation to fiber types. Sensation: Its mech- 
anisms and disturbances, 1937, 1-541. 
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conducted in both B and C ranges, the change in the quality of pain noted 
by Lewis, Pickering and Rothchild (and by us) as the block becomes effec- 
tive for the B group of fibers, and it is reénforced by recent work upon the 
sensitivity of the cornea which has been found to be insensitive to pain 
aroused by heat, heat itself, warmth or cold (except at the extreme margins) , 
because the cornea is known to be well supplied with somatic afferent fibers 
but contains no blood vessels and none of the visceral afferent fibers asso- 
ciated with th: m. It also fits the fact that the cornea, with only free nerve 
endings, is sensitive to touch, pressure and to pain aroused by mechanical 
stimulation. 


THE EFFECT OF ADAPTATION UPON VASCULAR REACTIONS 
TO THERMAL STIMULI 


By JOHN PAuL NAFE and KENNETH S. WAGONER, Washington University 


The present experiment was designed to investigate the theory that 
vascular dilation is essential to the arousal of feelings of warmth and that 
vascular constriction bears a similar relationship to feelings of cold. We 
have already shown that under usual conditions such a relationship holds,* 
and in the present study the findings are extended to include the less direct, 
reflex effects produced by adaptation. If one adapts to cold it is well known 
that a stimulus which previously is felt as indifferent or even slightly cool 
will now feel warm and, conversely, if one adapts to an intensive warmth, 
a stimulus which under normal conditions is felt as indifferent or even as 
slightly warm will feel cool. The present questions are: “Will a feeling of 
warmth, induced as an after-effect of adaptation to cold, be accompanied by 
vascular dilation?” and “Will a feeling of cold, induced as an after-effect 
of adaptation to warmth, be accompanied by vascular constriction?” These 
conditions require the blood vessels to respond in one direction to a given 
temperature when presented the first time and to respond in the opposite 
direction upon the second presentation of the same temperature after adapta- 
tion to a warmer or cooler stimulus, that is, these conditions require a 
reversal of vascular reaction to identical temperatures after an interpolated 
period of adaptation. There is, of course, a middle range of temperatures 
which produce little or no vascular effect and which are correlated with an. 
indifference point known as “psychological zero,” in which no thermal 
experience is aroused. Within this range our records are likely to show slight 
amounts of constriction because we use containers of water at different 
temperatures as stimuli and, even at the same temperature, water is a better 
conductor of heat than air, but the vascular action produced is either in- 
sufficient in amount or insufficiently abrupt as a change, to produce a con- 
scious effect. 

METHOD AND PROCEDURE 


Apparatus. A modified plethysmograph of the metal type was used to record 
vascular dilation and constriction. A Marey tambour was connected to the plethysmo- 


* Accepted for publication June 28, 1937. 

1J. P. Nafe and K. S. Wagoner, The effect of thermal stimulation upon dilation 
and constriction of the blood vessels of the skin of a contralateral hand, J. Psychol., 
2, 1936, 461-477. 
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gtaph and the writing lever recorded on a moving kymograph drum. A rise in the 
tambour writing lever indicated vascular dilation and a fall indicated vascular con- 
striction. Signal markers showing time of stimulation and speed of the drum recorded 
simultaneously with the tambour lever. A Harvard electric time clock activated the 
time-marker. The apparatus was quite similar to that used in previous experiments.” 
Thermally controlled water was used to stimulate and was held in wide-mouthed 
thermos jugs. A lever arrangement permitted the water to be raised over S’s hand 
without any movement on his part. Changes in stimulation could be made within 
5 sec. and temperatures were measured with centigrade thermometers graduated in 
tenths of a degree. 

“Experimental procedure. Four Ss were used of whom only one understood the 
purpose of the experiment. S was seated with the right hand in the plethysmograph, 
the left arm and hand hanging in a normal position from the shoulder. All stimula- 
tions were applied to the left hand and the effects recorded from the opposite hand 
in the plethysmograph. The effects of contralateral thermal stimulation upon vas- 
cular action have been demonstrated,* and the effects of stimulation of one side may 
be observed by recording the vascular reactions of the contralateral side. Continu- 
ous kymograph records were obtained showing the effects of the following successive 
situations: (1) stimulation of the left hand with thermally indifferent water for’ 
from 10 to 25 sec.; (2) stimulation of the left hand with warm or cold water 
to which the hand was adapted about 2 min.; and (3) the indifferent water— 
original temperature—was again raised over the hand. 

The procedure was varied in some of the experiments in that the original stimu- 
lating temperature was slightly warm or slightly cool instead of indifferent. When the 
original stimulating water was cool the hand was adapted to colder water and then 
stimulated with water of the original temperature again. When the original tempera- 
ture of the water was felt as slightly warm, a warmer water was used for adaptation 
and water of the original temperature again for the final stimulation. § was instructed 
to report the thermal sensations, if any, during the first and third periods. Water 
which felt neither warm nor cool was reported as indifferent (I) and when there was 
a suggestion of a thermal experience, if toward warmth the S$ reported “indifferent 
to warm” (Iw) and if toward cool he reported “indifferent to cool” (Ic). Definitely 
warm, cool, or cold water was reported in those terms. 

The vascular mechanism under normal conditions does not remain in a state of 
balance or equilibrium for any considerable length of time. Continuous records, with- 
out controlled stimulation, show constant fluctuations between constriction and dila- 
tion. Consequently when controlled stimulation is introduced for experimental pur- 
poses, the induced record merely overlies a record of other events which are pro- 
ceeding more or less independently of the new factors. One consequence of such a 
situation is that there are occasional large discrepancies in the amount of reaction 
indicated, depending upon the direction the record would have taken if the con- 
trolled stimulation had not been applied. In a number of records such effects can be 
averaged out but in presenting a few cases, as is done here, such correction is almost 


2 Op. 466. 

*C. E. Brown-Sequard, Lecoms sur les nerfs vaso-moteurs, 1872, 1-211; N. E. 
Freeman, The effect of temperature on the rate of blood flow in the normal and in 
the sympathecotomized hand, Amer. J. Physiol., 113, 1935, 384-398. 
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impossible. In general we attempt to stimulate when activity appears to be at a 
minimum, and the records here shown are more valuable in showing the direction 
of response but less so in showing the amount of response. 


RESULTS 


In general, indifferent temperatures show no considerable vascular action, 
reports of warm are accompanied by records of vascular dilation and reports 
of cold are accompanied by records of vascular constriction. The records are 
consistent in showing that the vascular action is appropriate to the arousal 
of the sensation. Sample records are shown in Figs. 1-4. 


‘Tew’ Sad “waa? “coc!” 


a 4f _, 31° 33. 


Time sec Tsme sec JS see 


| 
/ 


*werm” 


Time 5 sec 


Fics. 1-4. RECORDS OF VASCULAR A€TION 


Records of vascular action shown on line near baseline with vertical marks indicat- 
ing approximate beginning of stimulus corresponding to middle line showing time 
and temperature of stimulation. 


Fig. 1 shows a test made with an initial indifferent stimulation at 31° C. This 
temperature was predetermined as an approximate indifferent temperature. Stimula- 
tion with 31° produced little, if any, vascular action and was reported by S as in- 
different to warm (Iw). While the hand was adapting to 42° dilation was evident 
throughout most of the period, falling off toward the last but beginning again just 
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before the second stimulation. After about 80-sec. adaptation to 42°, this water 
was removed and the hand stimulated with water of the original temperature (31°) 
which was then reported “‘cool’’ and the record showed accompanying vascular con- 
striction. 

Fig. 2 shows a test using an initial temperature of 33° which was reported by S 
as indifferent to cool (Ic). The accompanying vascular action would also indicate 
that this temperature was slightly cool since a small amount of constriction is evident. 
After 75-sec. adaptation to water at 15°, stimulation with 33° water was reported as 
warm and this stimulation was accompanied by vascular dilation. 

_ Typical results using an initial warm stimulus are shown in Fig. 3. In this test 
water at 31° was felt as definitely warm and the stimulation was accompanied by an 
appreciable amount of vascular dilation. Stimulation immediately following at 42° 
produced more dilation and after approximately 1-min. adaptation the 42° water was 
removed and restimulation at 31° was reported as cool and produced vascular con- 


striction. 
Fig. 4 shows the results of a test using an initial cold stimulation. The test at 32° 


was reported as cold and accompanied by a small amount of constriction. After 2-min. 
adaptation to water at 15° restimulation at 32° was reported as warm and was ac- 
companied by vascular dilation. 
DIscUSSION 

It is to be remembered that the hypothetical correlation between sensitivity 
to warmth and cold with vascular dilation and constriction, while it does 
imply that all feelings of warmth must be accompanied by vascular dilation 
and all experiences of cold must be accompanied by vascular constriction, 
does not necessarily imply that all vascular dilation and constriction must be 
accompanied by feelings of warmth or cold. On the contrary our records 
show that in some cases where the action is very slow or small in amount, no 
conscious experience is reported. It is equally certain that some patterns of 
dilation and constriction vary sufficiently from the necessary pattern as to be 
felt as some other type of experience, for example, pain when the con- 
striction is extreme. It is quite conceivable that the warmth of pleasantness 
is a weak but rather general vascular dilation over some part of the body. 
The vascular mechanism reacts to many types of stimulation and probably in 
many different ways. But it is also true that some of the reactions, which do 
not involve any immediate change of temperature at all, may be felt as 
warm or cold, such as the chill from the sound of screeching glass, the chill 
of fear, and the chill of high fever which is accompanied by severe con- 
striction of the peripheral blood vessels with the temperature changes 
actually in the opposite and inappropriate direction. The present experi- 
ment clearly shows that the changes in sensation are accompanied by the 
appropriate changes in vascular tensions. It is not just easy to see how the 
facts are to be accounted for upon a theory of fiber types or specific func- 
tions [+ is easy to answer that adaptation effects a change in the fiber but 
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after all “adaptation” is just a name for the fact that the change does occur, 
not at all an explanation of it. The theory must account for the fact that a 
specific fiber at one time is stimulated by a given temperature and a mo- 
ment later it fails to respond to that temperature. This puts a limit upon the 
specificity of the fiber that demands an explanation and while it may be 
reasonable to plead that the answer must await a solution of the problem 
of adaptation, yet it is to be noted that no such problem exists if we accept 
the theory that the sensitivity is correlated with the action. of the blood 
vessels, 
SUMMARY 


(1) When a given temperature is felt at different times as warm, indiffer- 
ent, or cold, the responses of the blood vessels, in terms of the quantitative 
theory, are always appropriate to the sensation aroused, dilation for warmth, 
constriction for cold, and little or no action for indifferent experience. 
There is no such immediate correlation between sensation and physical 
temperature or between vascular action and physical temperature. 

(2) It follows that liminal changes have their counterpart in vascular 
changes. (This fact has also been experimentally demonstrated to be true.) ¢ 

(3) The facts here brought out are consistent with a theory which corre- 
lates thermal sensations with afferent nerve excitation caused by vascular 
action. 

(4) They are inconsistent with a theory of end-organs specific to a single 
quality of sensation. 

(5) They are inconsistent with a theory of end-organs specific to a single 
type of stimulation. 


*K. S. Wagoner and E. C. Havemann, The effect of thermal stimulation of one 
hand upon the temperature limen in the contralateral hand, J. Psychol., 2, 1936, 
441-449, 


THE RELIABILITY OF INTROSPECTION IN EMOTION 
By Witu1aM A. Hunt, Connecticut College 


In connection with a current investigation of the nature of startle’ the writer 
desired to see what help could be derived from phenomenological protocols. Before 
collecting and evaluating a series of introspective reports on the experiential aspects 
of startle, there are two points of methodological interest, however, which ought to 
be-settled. We should inquire first, whether we can gather such reports in quantity, 
using group situations, and secondly, whether such reports are reliable, i.e. whether 
they will yield a standard picture which may be duplicated on another occasion. 
This present paper is primarily concerned with these two points of methodology. 

The group situation was achieved by placing a piercing automobile horn out of 
sight on top of a large cabinet in the room for the class in psychology. This horn 
was sounded during the regular lecture by a person concealed in the adjoining room. 
The lecturer had no expectation as to when the interruption would come, and the 
experiment was purposely carried out during a somewhat difficult lecture which de- 
manded the careful attention of both class and lecturer. The moment the horn 
sounded, the lecturer turned to the blackboard and rolled up a large chart, revealing 
14 terms written on the board. These terms were all common ones in the discussion 
of emotion: pleasant, unpleasant, bright, dull, excitement, depression, tension, relaxa- 
tion, warmth, cold, ease, strain, dense, and spread. The words were written in 
scrambled order so that opposites would not appear together. The class was told to 
note on paper any of these terms that described their feelings at the sound of the 
horn. The students, being members of the introductory course in psychology during 
its first week, were psychologically naive. Two classes of 30-odd students were used, 
making a total of 74 Os. Since the results of the two classes were comparable, they 
are grouped together and are reported as Group A in Table I. The results are given 
there in the form of the percentage of the entire group who reported each particular 


TABLE I 


PERCENTAGES OF THREE Groups or Os Usinc THE Common Descriptive TERMS TO 
CHARACTERIZE ‘STARTLE’ 
(74 Os in Group A; 91 in Group B; 94 in Group C) 


Common descriptive terms 


67 
45 
63 


2 
5 
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for October 4, 1936. 
Hunt and C. Landis, Studies of the startle pattern: I. Introduction, 
2, 1936, 201- 205. 
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term. They show the possibility of gathering introspective reports from such a group 
situation. 

In order to check the reliability of these findings the same situation was repeated 
a year later on a new group of introductory students. This time three classes with 
a total of 91 students were used. The data are reported as Group B in Table. I. 
A comparison of Groups A and B shows that this phenomenological description of 
startle is reliable, for it may be duplicated with a different group at another time. 


TABLE II 


PercentAGEs or Two Groups or Os Usinc THE Common Descriptive TERMS TO CHARACTERIZE 
THE Emotions or Fear, ANGER, Joy, AND SoRRow 
(94 Os in Group D; 224 in group E) 


Common descriptive terms 


Emotion Group 


Excitement 


Fear 


Anger 


Joy 


32 41 
at 33 45 


mo BO 


Sorrow 


As a further check, and in order to compare the more immediate introspective 
report with the retrospective, memorial report, another group of 94 new Os, who 
had not experienced the ‘horn’ situation, were presented with lists of the 14 terms 
and asked to check those terms which described the feeling of startle as they re- 
membered experiencing it at some past time. These 94 Os are reported in Group C 
in Table I. The agreement of this group of reports with the other two suggests that 
the description obtained is not specific to the ‘horn’ situation but applies in general 
to the experience of startle. For phenomenological accounts of the startle experi- 
ence it seems possible to gather from the group stimulus-situations introspective 
reports that are of a high degree of consistency. 

The question immediately arises as to whether this reliability, or consistency of 
report, would be found in investigating other emotional experiences than startle. 
Group situations for the other emotions are not so easily formulated, and the 
writer has not as yet found satisfactory ones. It is quite easy, however, to collect 
retrospective reports of the type obtained from Group C. In order to ascertain the 
reliability of such reports, the writer prepared large mimeographed sheets bearing 
this instruction at the top: “Under each of the four emotions listed below you will 
find a list of terms. Please check any of these terms that describe your feelings during 
that emotion.” There followed the words fear, anger, joy, and sorrow, with the 14 
terms used for the startle investigation arranged in scrambled order under each. 
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These sheets were given to two different groups of students in two successive 
years. The first group of 94 students was the one used as Group C in the startle 
experiment. The second group, used a year later, consisted of 224 students, who were 
just beginning their introductory course in psychology or were studying in other 
departments, without contact with psychology. The results are reported in Table II, 
where the group 94 is called Group D, and the group of 224 Group E. The report 
again is in terms of the percentage of the group that reported each of the descrip- 
tive terms. Once more we note a high degree of similarity between the groups. 
The consistency of the descriptions is apparent. They are reliable. 

The meaning of these reports is, of course, still an open question. Whether or 
not_the 14 terms used above were the best available is not answerable at present, 


TABLE III 
PercenTAGes OF Two Groups or Os Usinc Four Common Descriptive TERMs TO CHARAC- 
TERIZE Four DirrrreNtT EMOTIONS 
(75 Os in Group F; 88 in Group G) 
Emotion 
Descriptive Joy 


terms 
F G F G 


° I 
5 I 
80 79 
15 19 


Dullness ° 
Brightness 79 80 

20 


Tension fe) 
Excitement 21 


but they serve as an illustration of what may be done. The existence of such uniform 
descriptions for any event serves as a basis for the classification, reclassification, and 
comparison that comes as a prelude to scientific investigation and experimentation. 
For instance, it is interesting to compare the reports of tension with the finding of 
Landis and Hunt that the report of tension was always accompanied by a deflection 
in their study of the conscious correlates of the galvanic skin response.” 

Although the writer is cognizant of the inadequacies of his 14 terms, it may not 
be amiss in closing to examine briefly the nature of each emotion as reported. 
Startle is characterized primarily by unpleasantness, excitement, tension, and strain, 
with some brightness and warmth; fear by unpleasantness, excitement, tension, 
cold, and strain; anger by unpleasantness, excitement, tension, warmth, strain, and 
some brightness; joy by pleasantness, brightness, excitement, warmth, ease, and 
relaxation; and sorrow by unpleasantness, dullness, depression, cold, and strain. 
The common appearance of excitement, tension, and strain in startle, fear, and anger 
compares interestingly with the picture obtained from.17 Os who reported follow- 
ing the injection of 1 cc. of adrenalin chloride. They had not served in any of the 
previous studies, and their reports were made during the adrenalin syndrome. They 
show (in percentages) pleasant, 41; unpleasant, 71; bright, 24; dull, 18; excitement, 
65; depression, 0; tension, 82; relaxation, 0; warmth, 23; cold, 23; ease, 0; strain, 


* Landis and Hunt, The conscious correlates of the galvanic skin response, J. Exper. 
Psychol., 18, 1935, 505-529. 
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53; dense, 12; spread, 12. The common sympathetic elements may thus explain the 
characteristics of excitement, tension, and strain in startle, fear, and anger. 

The other characteristics such as cold for fear, warmth for anger, etc., demand 
further study before being interpreted. It is interesting to notice that while certain 
terms such as bright, excitement, and tension may appear in more than one emo- 
tion; brightness is most characteristic of joy, tension of fear, and excitement of 
anger. This may be demonstrated by forcing the Os’ choice in the following manner. 
The words dullness, tension, brightness, excitement were written in one column on 
a class .room blackboard. Opposite them were written joy, sorrow, fear, and anger. 
The class was then told to match each descriptive term with one, and only one 
emotion, and to use no word twice. Seventy-five Os were used in one year, 88 others 
(Group F) and (Group G) in another year. The results are given in Table III, 
again in terms of percentages. The results show joy primarily linked with bright- 
ness, sorrow with dullness, and anger with excitement. Again the consistency of 
report in the two groups is notable. 


MINOR STUDIES FROM THE PSYCHOLOGICAL LABORATORY 
OF CLARK UNIVERSITY 


XXXII. VisuaLt Acurry AS A FUNCTION OF INTENSITY AND 
EXxPosuRE-TIME 


By C. H. GRAHAM, Brown University, and 
CaROLYN Cook, Clark University 


Graham and Margaria, and Karn have recently determined the manner in which 
the intensity-time relation for threshold excitation varies in the peripheral retina’ 
and in the fovea.’ Since in both experiments the relationship was determined with 
reference to the threshold, the results indicate little of what happens with supra- 
liminal excitation. In order to supply this lack we have performed the present 
experiments which are concerned with a description of how visual acuity varies 
as a function ot duration and intensity. The experiment, practically, has threefold 
significance. In the first place it has been possible to determine how acuity varies 
as a function of intensity with exposure-time constant. Secondly, we have investi- 
gated the question of how acuity, at constant intensity, varies with exposure-time. 
Finally, we have determined how intensity of illumination and exposure-time are 
related in the production of any one of a series of constant acuities. 

The method which has been followed involves a determination of the manner in 
which acuity varies as a function of illumination for 7 different exposure-times 
ranging from 2 to 500 ms. 


APPARATUS AND PROCEDURE 


Illumination is provided by a 1000-watt projection lamp contained in a light- 
proof, asbestos-lined box. The rays from the lamp pass through a system of con- 
densing lenses and are brought to a focus in the plane of a small circular opening, 
cut about 1 mm. in diam., in a brass plate. Directly in front of this opening, and 
also approximately in the focus, is the exposure device. Beyond this the light passes 
through a holder for Wratten neutral tint filters, a second convex lens, and a 
calibrated neutral tint wedge and balancing wedge which control the changes in 
intensity intermediate between the filters. A third convex lens then brings the light 
beam to a second focus from which the rays diverge to illuminate a flash-opal 
glass plate which backs a holder for the acuity grating. This holder is set in a 
wall which separates S from the apparatus of the optical system. 

On S's side of the wall, a cardboard screen limits the exposure-field to a circle 
6 cm. in diam. Above this circle and almost touching it is a small red cross, 1° 
in diam., which serves as an orientation light. S sits in a chair fitted with a head- 


* Accepted for publication October 20, 1936. 
a Graham and R. Margaria, Area and the intensity-time relation in the 
<e retina, Amer. J. Phystol., 113, 1935, 299-305. 
H. W. Karn, Area and the intensity-time relation in the fovea, ]. Gen Psychol, 
14, 1936, 360-369. 
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rest which is 150 cm. from the stimulus-field. Binocular vision is used during the 
experiment. 

The duration of the light-flash is determined by either of two interchangeable 
exposure-devices, D or E. Device D is used for durations of flash extending from 
0.002 to 0.03 sec.; Device E for the longer exposures up to 0.5 sec. Device D 
consists of a large cardboard disk, 44 in. in diam., with a variable slit. near its 
circumference. The disk is attached in the center to the axle of a heavy pendulum. 
When the pendulum is released from its upright position it swings through an 
arc of about 300° and is caught by an electromagnet. Slit openings for the different 
durations were calibrated by means of smoked paper and a tuning fork. 

When the longer exposure-times are desired the disk is removed from Device 
D and Device E is placed in the focus of the beam nearest the lamp. Device E 
consists of two semicircular cardboard disks which may be caused to overlap by 


TABLE I 
Visuat Acurty VALugs FOR THE SEVEN Pirates Usep ExPERIMENTS 
Width of Visual acuity 
Grating band in mm. at 10cm. 
10.30 
7.00 
4-16 
1.27 
0.635 
0.423 
0.318 
various degrees, thus giving different widths of exposure-opening. These disks are 
attached to a shaft through reduction gears by a Telechron synchronous motor. 
Pressure by E on a button releases a pin which holds the shaft in place and closes 
the switch which starts the motor. The shaft is stopped automatically at the end 
of one revolution by the pin and the breaking of a mercury switch which is 
operated by a cam. The shaft turns at the rate of 1 r.p.sec.* 

A light adapting screen is placed at a distance of 2 ft. from S’s eyes and at 
such an angle that a slight twist of S’s head allows comfortable fixation for a 
period of 2 min. A slight movement is all that is required for S to shift his head 
from the fixation-position for the screen to the position at the head-rest used in 
regarding the acuity plates. The screen consists of a milk glass surface, 12 in. X 
12 in., illuminated from behind by a daylight lamp which gives a brightness on 
the screen of 180 ml. 

In determining the threshold light-intensity for the discrimination of lines at 
various durations of exposure, S regarded the area below the orientation light 
which, whea illuminated, gave a circular surface, 6 cm. in diam., composed of 
alternating iight and dark bars. The size of these bars is vatied by using acuity 
gratings of 7 different widths (see Table I). These gratings are identical with 
those described by Graham and Hunter.‘ The gratings are inserted in their holder 


* For a more detailed description, see C. H. Graham and R. Granit, Comparative 
studies on the peripheral and central retina: VI. Inhibition, summation, and syn- 
ee of impulses in the retina, Amer. J. Physiol., 98, 1931, 666. 

. Graham and W. S. Hunter, Thresholds of illumination for the visual 
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with the bars vertical, § merely indicating after every exposure whether or not he 
saw the lines. 

Before every sitting S was dark-adapted for 30 min. A sitting was composed of 
a threshold intensity-determination on every one of the 7 gratings for a given 
constant duration of exposure. For every one of the 7 exposure times S had 3 
sittings, with certain exceptions noted late. During a sitting S was light-adapted 
for 2 min., then dark-adapted for 3 min. prior to the determination of the threshold 
for every grating. At the end of every dark-adapting period S was first shown the 
illuminated grating on which a reading was about to be taken; in this procedure 
E moved the exposure-device slowly by hand. After this, E gave a “ready” signal, 
and_when S responded with “ready,” a flash of light was allowed to illuminate 
his eyes. Because of the very low densities of the filters used with the two smallest 
acuity gratings (numbers 2 and 1) 1 and 2 min., respectively, were allowed to 
elapse between exposures. The exposures for the other gratings followed each other 
at about 20-sec. intervals. 


TABLE II 
Acuity Anp Loc I Vatugs ror 7 Dirrerent Exposure-Times 


° 
& 


0.18 0.5 
sec. sec. 
3.24 3.02 
.40 3.17 
3.58 3.41 
2.35 2.13 
T.21 I.14 
0.24 0.05 
0.99 0.84 


3.43 
3.68 
1.35 
0.27 


The results of the determinations on the S on whom complete data are avail- 
able are presented in Table II. 

The figures in this table represent the logarithms of the intensities (in milli- 
lamberts) necessary for the discrimination of lines on every one of the 7 plates, for 
7 different exposure-times. Every value is an average of 3 determinations except 
for plates 1 and 2 at the 3 longest exposures. In these cases, due to the high 
variability of the data, the averages are based on 6 determinations. In Fig. 1 the 
data from Table II are plotted with acuity as the ordinate and the logarithm of 
the intensity as the abscissa. Each curve represents a different duration of exposure. 

Examination of Fig. 1 shows that acuity, over the greater part of the intensity 
range, is a linear function of the logarithm of the intensity. Over the lower range 
the curve flattens out and acuity depends less on intensity. 

Unfortunately in these experiments the maximum illumination available was 
fairly low—about 12 ml. This was due to limitations of the optical system; it is 
difficult to provide a high illumination on a large surface after the light rays have 


discrimination of movement and for the discrimination of discreteness, J. Gen. 
Psychol., 5, 1931, 182. 


Log I 

Acuity 0.002 0.0045 0.01 0.03 
sec. sec. sec. sec. f 
0.043 2.72 2.44 3.96 3.82 
0.062 2.96 2.71 2.19 3.84 
0.095 T.15 2.85 2.45 2.08 
0.35 T.95 1.58 1.18 2.84 
0.68 0.72 0.45 0.08 T.79 
1.04 0.77 0.47 
1.36 
RESULTS 
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passed through the small circular opening necessary for instantaneous exposure 
and its proper timing. For this reason it might be expected that visual acuity in 
these experiments would not be maximal, but in line with other evidence it might 
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Fic. 1. Acuity Loc I Curves FoR 7 DIFFERENT EXPOSURE-TIMES 
The number associated with each curve indicates the duration of exposure. 


be supposed that at very high intensities the visual acuity versus log intensity curve 
would flatten out.’ This expectation was borne out by the few results obtained 
with another S who could not finish the experiment. In her case the curves did 


Die Abhiangigkeit der Sehscharfe von der Beleuchtungsintensitat, 
Sitzber. d. Akad. d. Wiss., Berlin, 1897, 559-575; R. J. Lythgoe. Medical Research 
Council, Reports of the Committee upon the Physiology of Vision: X. The measure- 
ments of visual acuity, Spec. Rep. Ser., 1932, 173, 1-72. 
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have a tendency to turn over at the top. The determinations made for the S who 
served for all the observations were somewhat variable, but in no case was there 
any indication that maximal acuity was reached. 

The curves of Fig. 1 indicate the presence of an important characteristic of 
visual stimulation: the reciprocal influence of duration and intensity in the pro- 
duction of a particular constant effect. As shown in this graph, intensity for the 
production of a particular acuity is inversely related to the duration through which 
the intensity acts. Thus, for short exposure-times, a high intensity is required in 
order to produce a given acuity, while, for long exposure-times, a low intensity 
will produce the same degree of acuity. This relationship is indicated in the family 
of.curves in Fig. 1. The curve for the shortest exposure-time is farthest to the 
right on the abscissa (indicating the highest intensity requirement) while the 
curves for the successive increases in duration are shifted progressively’ to the left. 


DIscussION 


The data obtained in this experiment lend themselves to an analysis of the 
interrelationships of exposure-time, intensity of illumination and acuity in three 
theoretically significant aspects of the problem. These aspects concern: (1) the 
way in which acuity varies as a function of log intensity with constant exposure- 
time; (2) the manner in which acuity varies with exposure-time at a constant 
intensity; and (3) the variation in exposure-time and intensity for the production 
of a constant acuity. 

Little need be said of the first aspect of the treatment. The variation of acuity 
with the logarithm of the illumination at constant exposure-time is so well es- 
tablished that further description of the well-known phenomenon is beside the 
point.® Suffice it to say that these results are in agreement with the observation that 
acuity, over the middle range of intensity, is a linear function of the logarithm 
of the intensity with a distinct flattening of the curve at the lower intensities. The 
seeming discrepancy between these results and those of Lythgoe may be explained 
by the fact that Lythgoe did not examine such low degrees of acuity as we have 
examined.’ These observations have not been carried out at high enough intensities 
to indicate definitely the presence of a flattening out of the curve at high inten- 
sities, but there is little doubt that the phenomenon would have occurred had it 
been possible to make the necessary determinations. 

An analysis of the second aspect of the problem, viz., the relation between 
acuity and exposure-time with intensity constant, may be made with the aid of the 
graph of Fig. 1. By taking a particular intensity value on the abscissa and cutting: 
the curves vertically along the ordinate axis, one can find an acuity value cor- 
responding to each of the 7 different exposure-times. When this is done for three 
different constant intensity values there results a graph which is presented in Fig. 2. 
The numbers associated with each curve indicate the particular constant value of 
intensity used. Examination of the curves in this figure shows that acuity increases 
with an increase in exposure-time over the lower range of durations. The curves 


*Cf. Konig, op. cit., 559-575; Lythgoe, op. cit., 1-72; Selig Hecht, The relation 
between visual acuity and illumination, J. Gen. Physiol., 11, 1927, 255-282. 
"Cf. Lythgoe, op. cit., 26-30. 
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tend to flatten out, however, at the longer exposure-times; a fact which indicates 
that at these durations time becomes of little importance in the production of a 
given acuity. 

The third treatment of the results is concerned with the relationships of in- 
tensity and time for the production of a constant acuity. In this analysis a constant 
acuity value is taken on the graph of Fig. 1 and the intensities necessary to produce 
this acuity at the various exposure-times are read off from the abscissa. Fig. 3 


LOG t 


Fic. 2. ACUITY AS A FUNCTION OF LoG TIME FOR 3 DIFFERENT INTENSITIES 
The number on each curve is the logarithm of the intensity. 


gives a plot of the information gained in this manner; in accord with other prac- 
tice the logarithm of the total energy (log I X #) is plotted against the logarithm 
of the exposure-time.* This form of graph is convenient in that a line with a slope 
of zero is indicative of the relation I X t—=Constant, while an inclined line with 
a slope of unity portrays the equation I—=Constant. 

The curves of Fig. 3 are the experimentally determined intensity-time relations 
for the acuities indicated by the number accompanying each curve. It is to be 


*H. K. Hartline, Intensity and duration in the excitation of single photoreceptor 
units, J. Cell. & Comp. Physiol., 5, 1934, 229-247; Graham and Margaria, ibid., 
301. ‘ 
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observed in the figure that the relation [t—=Comstant holds quite rigorously for 
short durations at all acuities as indicated by the horizontal section of each curve. 
It is important to note, however, that the range of exposures over which this 
relation may be considered to be valid decreases as the acuity increases; 7.e, the 
“critical duration” decreases with an increase in acuity.’ This finding is in direct 
accord with an early experiment by McDougall who found, by a matching pro- 
cedure, that “the action-time of the eye” (corresponding to our “‘critical duration’) 
decreases with an increase in the intensity of illumination.” Thus, in two experi- 


LOG t 


Fic. 3. THE RELATION OF INTENSITY AND TIME FOR 6 ACUITIES 
The numbers on the curves indicate the degree of acuity. 


ments there is unequivocal evidence to show that the critical duration of the human 
eye is inversely related to the degree of excitation. 

Beyond the critical duration and the horizontal region of the curves more energy 
is required for the production of a given acuity and acuity becomes less and less 
dependent on time. This is indicated by the fact that the curves of Fig. 3 deviate 
from a horizontal to an inclined position. In no case does the inclined line approach 
a value of unity. In the curves as drawn in Fig. 3 the slopes have a value of 0.6 
to 0.7. This is in line with the results obtained by Karn” for the fovea and by 


® Hartline, ibid., 241-242. 

ay. McDougall, The variation of the intensity of visual sensation with the 
duration of the stimulus, Brit. J. sii 1, 1904, 151-189. 

* Karn, op. cit., 365. 


2 
5 
4 


THE LATENCY OF NEGATIVE VISUAL AFTER-EFFECTS 661 


Graham and Margaria” for the periphery. In both of these experiments it was 
found that the sudden change of slope from zero to unity at the critical duration 
(as found by Hartline® in the single fiber for features which are of the nature 
of an event in the response; e.g. impulse frequency) is sharpest and most clear 
cut with very small areas. As the area increases in size the transition from the 
relation It=C to I=Comstant becomes less definite and the final slope of the curve 
becomes less. Graham and Margaria have attributed this masking of the critical 
duration which occurs with an increase in area to an increase in statistical and 
interaction effects. The present experiments which make use of a large area tend 
to verify the interpretation of these investigators. 


SUMMARY 


(1) Visual acuity has been determined as a function of intensity for 7 different 
exposure-times ranging from 2 to 500 ms. At all exposure-times, visual acuity 
increases with intensity—slowly at the lower intensities, more rapidly at the higher. 

(2) At constant intensity, acuity increases with the logarithm of the exposure- 
time in a sigmoid manner. 

(3) Intensity and time vary for the production of a constant acuity according to 
the relation 1s=Constant at short exposures and for all levels of acuity. At longer 
exposure-times, time becomes less influential in the determination of acuity. As 
intensity increases, the “critical duration” decreases. 


XXXII. THE LATENCY OF NEGATIVE VISUAL AFTER-EFFECTS AS A FUNCTION 
OF THE INTENSITY OF ILLUMINATION ON AN ADJACENT RETINAL REGION 


By Jacos Levine, Harvard University, and C. H. GRAHAM, Brown University 


The work of Juhdsz in 1920 indicated the possibility of using the latent period 
as a variable factor in visual after-effects.’ On the basis of this suggestion, Creed 
and Granit in 1928 studied the latent periods preceding the development of nega- 
tive after-effects of white circular disks. They were able to show that there exist 
functional differences in the foveal and peripheral areas of the retina and obtained 
evidence of interaction between elements at varying angular distances from the 
fixation-point. Following upon these experiments Granit, Hohenthal, and Uoti in- 
vestigated the influence of the intensity of the stimulus-light and the state of dark 
adaptation upon the latent period of negative visual afer-effects.* For every intensity 


” Graham and Margaria, op. cit., 303. 

* Hartline, op. cit., 239-245. 

* Graham and Margaria, op. cit., 304. 

* Accepted for publication October 20, 1936. 

*A Juhdsz, Uber die komplementir-gefarbten Nachbilder, Zsch. f. Sinnesphysiol., 
51, 1920, 233-263. 

*R. S. Creed and R. Granit, On the latency of negative after-images following 
stimulation of different areas of the retina, J. Physiol., 66, 1928, 281-298. 

*R. Granit, T. Hohenthal, and A. Uoti, On the latency of negative after-images 
in relation to brightness of stimulus, Saertryk Act. Ophth. 8, 1930, 137-154. 
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used the latency was measured at different distances from the fixation-point, and 
besides confirming Creed and Granit’s results, the authors found that the latent 
period increases with increase in intensity of the stimulus. The investigators account 
for this by assuming that the duration of the immediate positive after-effects of 
excitation increases with increase in stimulating intensit , and thereby delays the 
appearance of the negative after-effect. Dark adaptation according to these investiga- 
tors has little or no effect upon the latency of the negative after-effect. 

In a recent discussion, Graham emphasized the fact that a satisfactory account 
of visual after-effects must present an analysis of the respective réles played by 
the retinal and brain centers.‘ “Further the analysis cannot be complete unless ac- 
count is taken of the spatial induction which occurs when the synaptic levels are 
excited.’* The present report is concerned with a treatment of this latter problem. 
In line with the work of Juhasz, Creed and Granit, and Granit, Hohenthal, and 
Uoti, the index of excitation examined has been the latent period of the ordinary 
persistent after-effect (McDougall’s ‘secondary image”). This has been determined 
as it is influenced by the simultaneous presence of another light of variable intensity 
in the field of vision. On the basis of experimental evidence, it is shown that the 
excitation in any particular region of the retino-cerebral nervous system may be 
greatly modified by the condition of excitation in an adjacent region. This inter- 
pretation seems warranted by the finding that the latent period of the negative 
after-effect to a constant area of illumination decreases as the intensity of an ad- 
jacent inducing patch increases. 

Apparatus. A rectangular box of 8 in. x 4 in. was placed on a level with S’s 
eyes in a dark room used for the experiments. In the front face of the box were two 
circular openings covered by milk glass and illuminated from the inside.of the box. 
The smaller opening, whose center was the fixation-point, formed a visual angle 
of 17’ with the eyes of S, who sat 1.5 m. away. This opening was illuminated 
by a small flashlight bulb mounted inside the box, the voltage to which was main- 
tained constant at 4 volts. The larger opening, subtending a visual angle of 44’, 
was illuminated by means of an automobile headlight lamp run at 6 volts D.C. A 
partition between the two lamps restricted the illumination from each lamp to its 
respective milk-glass surface. The centers of the two openings were separated by 
a visual angle of 1°42’. Intensity of illumination on the large inducing patch 
could be varied by the insertion of Wratten neutral filters directly in front of the 
milk glass. All experiments were performed in darkness except for the light given 
by the two patches. The intensity of the small patch was constant throughout the 
experiments at about 0.4 ml. 

E sat behind S$ and was separated from him by a black wall. The apparatus was 
manipulated under the illumination of a dim light that was shielded so that it 
would not stimulate the S$. E controlled the duration of illumination of the two 
openings by means of two knife switches which were connected to the two stimu- 
lus-lamps. 

Procedure. Two Ss were used: One, G, was equipped with artificial pupils 3 


*C. H. Graham, Vision: III. Some neural correlations, Hdbk. Gen. Exp. Psychol., 
Ed. by C. Murchison, 1934, 823-874. 
Op. cit., 864. 
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mm. in diam.; the other, C, observed with natural pupils. In all the experiments, 
S was first dark-adapted for 3 min. At the end of this period, E, upon a “ready” 
signal, illuminated the two stimulus-patches. § immediately fixated the smaller patch 
for 15 sec. As warning that the 15 sec. were almost up, E counted aloud the four- 
teenth and fifteenth second. Upon the utterance of “fifteen,” the fixation-patch was 
shut off while S maintained fixation, but the inducing patch remaining illuminated 
until the report was made. As soon as § responded to the negative after-effect he said 
“on,” and E noted, by means of a stop watch, the time between the end of illumi- 
nation of hte small patch and S’s response. 
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LOG MILLILAMBERTS 


Fic. 1. THE LATENT PERIOD OF THE NEGATIVE AFTER-EFFECT AS A FUNCTION OF 
THE INTENSITY OF ILLUMINATION ON THE ADJACENT PATCH 


The intensities of illumination of the large opening (the inducing patch) were 
varied in a random order. Since in all cases the illumination was for 15 sec. or 
more, the light adaptation in all trials may be considered as having reached a steady 
condition. Five latent period determinations were made for every intensity of the 
inducing patch for every sitting, and in any single experimental period from 6-11 
intensity-settings of the incucing patch were used. 


RESULTS 


When the latent period of the negative after-effect in seconds is plotted against 
the logarithm of the intensity (ml.) of the adjacent patch we obtain the curves 
given in Fig. 1. Every point on the curves renresents the average of 20 readings. 
The broken line is drawn at the ordinate value corresponding to the latent period 
for the stimulus-patch when presented alone. It is to be observed in the graph 
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that, as the intensity of the inducing patch increases, the latent period for the 
stimulus-patch decreases. The extent to which the presence of the inducing patch 
causes a decrease in the latency of the excitation due to the stimulus-patch may be 
determined by comparing the value for any point on the curve with the value 
obtained with the stimulus-patch alone. In these terms, the distance between the 
broken line and any point on the curve is a representation of the amount of short- 
ening in the latent period brought about by a particular intensity of the inducing 
patch. 

The shortening is quite regular and at the very highest intensity of the inducing 
patch the latency of the negative after-effect is less than one-half of the value 
obtained in the absence of an inducing patch. The exact measurements are given 


TABLE I 


Latent Periop or NeGATIve Visuat AFTER-EFFECT AS A FUNCTION OF INTENSITY ON ADJACENT 
Inpucinc Patcu 
(Stimulus-patch constant at 0.4 ml.) 


Log intensity of Average latent period (sec.) Standard deviation 
inducing field 


(ml.) 
0.83 0.33 
1.10 0.46 
1.25 0.81 
1.71 0.73 
2.10 1.24 
2.50 0.86 
3.10 1.00 
3.73 1.00 
4.04 1.24 
18 4-14 0.64 
57 5-71 0.85 


Q 


2. 
4. 
4. 
4. 


in Table I, which also records the standard deviations. The table shows clearly 
that the variability of G, who wore artificial pupils, is not as small as desired, a 
finding which is usual in experiments of this type.* It should also be remarked 
that C’s latent periods at the highest intensities of the inducing patch should not be 
accepted as precise. For her the negative after-effect appeared almost instantly at the 
high intensities, so that the latent period as given is probably representative only 
of her reaction-time. Despite these considerations the general regularity of the data 
leave little doubt that we are dealing with a regular and natural phenomenon, and 
in support of this belief we find that, although the standard deviations for any 
two adjacent points may show a considerable degree of overlap, there is no overlap 
between the variability limits of the value for the stimulus-patch alone and the 
latency value for the highest intensity of inducing field. On this basis we believe 
that the shortening in the latent period due to an increase in intensity of the 
inducing patch is a real phenomenon. 

The finding of a decrease in latent period with an increase in intensity of in- 
ducing patch has important implications. At first glance one would be tempted 
to assume that the shortening of latency with an increase in intensity of the in- 


* Cf. Granit, Hohenthal, and Uoti, op. cit., 144. 
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ducing patch could be accounted for as due to a summation of excitations from an 
adjacent excited region with the effects from the stimulated region. This might be 
expected to produce a quicker attainment of the excitatory process necessary for 
the response. One consideration, however, argues against this interpretation. If this 
were true we should also expect that an increase in intensity on the stimulus-patch 
should, by its increased excitatory effect, cause a shortening in the latent period 
of the negative after-effect. Results obtained by Granit, Hohenthal; and Uoti indi- 
cate that the converse situation holds; as the intensity of the stimulus-patch in- 
creases, the latency of the negative after-effect also increases.’ Granit, Hohenthal, 
and Uoti have interpreted this finding to mean that the duration of the positive 
after-effect is increased with the increase in illumination, and in consequence the 
appearance of the negative after-effect becomes delayed. Creed has accepted this 
interpretation with respect to the results obtained by himself and Granit, and it 
now appears that shortness of latency for the negative after-effect is to be cor- 
related with a low degree of activity in the processes directly preceding the negative 
after-effect.® From this point of view the problem of the present experiment consists 
in explaining how an increase in the excitation of an adjacent patch can cause a 
decrease in the excitation from a particular stimulated region. Physiologically the 
only known process which can account for this effect is one that is inhibitory in 
nature.” That such a process can occur in the retino-cerebral pathways is well 
known,” and the possible loci for the effect are well differentiated histologically, 
viz., the retinal synapses, the thalamus, the cortex. In an experiment such as this 
it is impossible to state where the process takes place, but it is important to notice 
that it does take place and that these experiments have presented quantitative data 
indicative of the extent of inhibitory action under various conditions of stimulation. 
In this respect these experiments are in accord with those of Ebbecke,“ who found 
that latency of the negative after-effect may be greatly modified by the degree of 
background illumination. 
SUMMARY 


In this experiment the latent period preceding the development of the negative 
after-effect due to a small constant light was determined as a function of the inten- 
sity of illumination on an adjacent patch. It was found that the latency of the 
negative after-effect decreases with an increase in intensity of the adjacent patch. 
This is interpreted as being due to an inhibitory process which causes a decrease 
in the excitation set up by the constant light. 


*Granit, Hohenthal, and Uoti, of. cit., 147. 
®R.S. Creed, The physiological integration of sensory processes within the grey 
matter of the nervous system: A critical review, Brain, 54, 1931, 29-53. 
*R. S. Creed, D. Denny-Brown, J. C. Eccles, E. G. . Liddell, and C. S. Sherring- 
ton, ey Activity of the Spinal Cord, 1932, 179. 
. Beitel, Inhibition of threshold excitation in the human eye, J. Gen. 
Psycho, 14, 1936, 31-61; Graham, op. cit., 852. 
af Ebbecke, Uber positive and negative ’Nachbilder, ihre gegenseitige Bezeihung 
und den Einfluss der lokalen Adaptation, Arch. f. ges. ‘Physiol. 221, 1928, 160-188. 
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APPARATUS 


A BIDIMENSIONAL EYE-MOVEMENT CAMERA 


By H. F. Branpt, University of Iowa 


The majority of eye-movement studies have been made while the subject was 
reading. For these studies a mono-dimensional camera was employed. A few studies 
have-been carried on with the purpose of discovering and interpreting eye-movements 
in more than one dimension, for example, Buswell in the investigation of the per- 
formance of eyes while looking at pictures,’ Frandsen in studying objective examina- 
tions,” Miles and Shem in reading Chinese,* and Jacobson in reading music constitute 
some of the later approaches to this general problem.‘ 

In order to simplify the apparatus and increase the efficiency of an instrument 
which would photograph the movements of the eyes in the bidimensional plane, 
the writer has designed and constructed a convertible, mono-film camera. This ap- 
paratus employs the corneal reflection technique and its five major features are 
incorporated in the following. 

Mono-film. A single film photographs simultaneously and with satisfactory accuracy 
both the horizontal and vertical movements of the eyes. This arrangement reduces 
the amount of film required by 50% and minimizes the labor involved in handling 
and developing two separate records. 

Another decided advantage of this modification over the use of two separate 
films is realized when reading the records. Both horizontal and vertical movements 
of the eyes are photographed simultaneously on the same film a constant distance 
(39 cm.) apart. The problem of synchronizing the two films is eliminated and since 
the film is exposed at two points the exact location of the record of vertical move- 
ments is readily located after the record of the horizontal movements has been 
identified.* 

Figs. 1 and 2 show one of the main principles of the mono-film camera. Film A, 
starting from the magazine as illustrated in Fig. 2, moves horizontally at B in Fig. 1, 
winds around C, D, and E in Fig. 2 and continues vertically at F, in Fig. 1, terminat- 
ing at G where it is propelled. 

The film is propelled by a synchronous motor and moves at a constant rate of 
32.2 mm. per sec. A clutch, I, regulates the speed of H, the exposed film rachet, 
Vertical eye-movements are recorded on film at B, Fig. 1, and the horizontal move- 
ments are recorded on film at F. 


* Guy T. Buswell, How People Look at Pictures, 1935, 1-198. 

? Arden Frandsen, An eye-movement study of objective examination questions, 
Genet. Psychol. Monog., 16, 1934, 85-138. 

*'W. R. Miles and E. Shem, Photographic recording of eye movements in reading 
of Chinese in vertical and horizontal axes: Method and preliminary results. J. Exper. 
Psychol., 8, 1925. 344-62. 

“O. Jacobson, An analysis of eye-movements in reading music. Univ. of Chicago, 
1926 (Unpublished thesis). 

* The used in this camera is the regular 35 mm. panchromatic moving picture 
film or sensitized paper. 
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Fics. 1 AND 2. PHOTOGRAPHS SHOWING THE PRINCIPAL FEATURES 
OF THE MONO-FILM CAMERA 


LLLhf 


HORIZONTAL MOVEMENTS OF BOTH EYES 
RECORDED ON FILM MOVING VERTICALLY 


VERTICAL MOVEMENTS OF BOTH EYES 
RECORDED ON FILM MOVING HORIZONTALLY 


HORIZONTAL MOVEMENTS OF THE RIGHT EYE 


AND VERTICAL MOVEMENTS OF THE LEFT EYE 
RECORDED SIMULTANEOUSLY ON THE SAME FILM 


Fic. 3. Kinps OF RECORDS OBTAINED 
WITH THE APPARATUS 


TsTELESCOPIC 4*LIGHT SOURCE 
LENS Re REFLECTOR 
VIEWFINDER HEADLINE 
Fe FILM LENS 
Fic. 4. DELINEATION OF HEADLINE 
REFLECTORS 
(Dimensions in cm.) 
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Convertible lenses. The convertible lenses distinguish this camera from other 
similar instruments.* By moving the lenses of the camera 2 cm., either in the right 
or left position, three types of eye-movement records may be produced with the same 
apparatus. Fig. 3 below is self-explanatory. 


39 


TOP VIEW 


FILM 
MIRROR 
VIEWFINDER 
SIDE VIEW HEADLINE LENS 
TELESCOPIC LENS 


Fic. 5. DIMENSIONS OF CAMERA 
(in cm.) 


Headline reflectors. In order to differentiate between head- and eye-movernents and 
to establish a reference-line, the camera is equipped with a special device which 
records all head-movements in both the vertical and horizontal plane. The same 
sources of light (L), Fig. 4, which reflect on the cornea of the eye are focused on 


* The lenses employed in the camera measure 2.56 diopters from the posterior 
pole to the focal point. 
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two enameled surfaces (R), through a lens (H) and are focused on the film (F). 
The oval reflectors (R) are mounted on a headgear which may be properly adjusted 
for every S. 

This method of recording the headline is an improvement over the split-ray 
method. It makes the process simpler, more distinct and employs a single lens in 
place of two prisms. 

Mechanical shutter. A mechanical shutter prevents the light from entering the 
camera during the time the lenses are adjusted. This device automatically closes the 
film chamber whenever the view-finder is opened. Not until the view-finder in Fig. 4 
is closed can the shutter J in Fig. 1 be opened. This guarantees a uniform film 
exposure and protection against the spoiling of film. 

Dimensions. Most, if not all, bidimensional cameras are large, cumbersome and 
difficult to adjust. This instrument is only slightly larger thai the mono-dimensional 
camera and no more difficult to operate. 

Accessory apparatus. The efficiency of operation and the adequacy of control is 
still further enhanced by two types of accessory apparatus. (1) An electrical contact- 
key simultaneously records on the same film the time of all written responses. This 
facilitates the analysis of the records, minimizes head-movements by eliminating 
verbal responses and provides a permanent record of achievement. (2) An electrical 
tachistoscope controls the time and duration of exposure. The illumination and con- 
tent variation insures an efficient exposure technique. 


This new instrument provides laboratory equipment which is essential for all 
types of ocular photography in the bidimensional plane. It is no less necessary when 


analyzing ocular performance resulting while reading. Its major characteristics are 
found mainly in its simplicity and economy of operation. It is adaptable to studies 
in learning, art, architecture, advertising and allied studies, and is indispensable as 
laboratory equipment for studying the performance of the eyes to determine their 
reaction-time and velocity of movement. It lends itself readily to the study of ocular 
performance under various conditions (normal, fatigue, drug, etc.), and to the 
analysis of ocular patterns when S is confronted with different content (homo- 
geneous or heterogeneous) or with varying amounts of illumination. 


APPARATUS NOTES 


A New Test oF EvE DoMINANCE 


In the center of a mirror, 8 x 6 in., a circle 1 in. in diam. was drawn with black 
ink. With both hands on each end of the mirror it was held about 18 in. from the face 
and while in this position the subject was instructed to “take this mirror in both hands 
as I am doing and see if you can get the end of your nose in the black circle. Hold the 
mirror at arms length and always keep both eyes open.” 

Ordinarily the examiner can readily tell which eye is being used by the position 
the mirror is placed. In doubtful cases § was told to “keep your nose in the ring” and 
simultaneously with these instructions E covered one of the eyes with a black opaque 
disk. If the eye covered was the sighting eye § would move the mirror in order to bring 


| 

a 

g 

a 

4 

a 


670 APPARATUS NOTES 


the ring in alignment with the other eye. The procedure was then repeated for the 
second of the two observations. 

This test has been given to 422 children between 6 and 12 yr. of age. The test 
was repeated after an interval of two months on 113 of the children. The scores were 
identical in 98.23% of the cases and is an agreement higher than that found on 7 
other commonly used tests of eye dominance. This test is much more convenient than 
any of the various pointing and aiming tests which require the examiner to stand in 
front of the child or requires the child to get up and go across the room before he 
points or aims. An ordinary pocket mirror serves as well as the larger mirror. 

Cleveland, Ohio BLAKE CRIDER 


EDITORIAL NOTE 


THE GOLDEN JUBILEE VOLUME 


The fiftieth volume of the JoURNAL will be published as a single number in 
November, 1937, to mark the fiftieth anniversary of the JoURNAL’s founding. 

This Jubilee Volume will be made up of articles prepared for this occasion by 
editors of psychological periodicals throughout the world. To this end the JouRNAL 
has invited every editor of every psychological periodical in the world to contribute. 
The response to this invitation has been extremely generous. As a result, the JouRNAL 
is able to commemorate its Golden Jubilee with a publication that is unique in the 
history of the sciences in that every article has been written by an editor. The volume, 
prefaced by a history of the JouRNAL, will contain thirty-six articles covering every 


phase and field of psychology. 
K. M. D. 


a 
4 
4 


NOTES AND DISCUSSIONS 


A Nore ON ASSIMILATION AND INTERFERENCE 


A series of 112 pairs of words was constructed which included the following. 


game one butter 
bail two cake 
meat six ice-cream 
go nine i muffin 


jail forty-seven rough 

mend fifty-three smoot 

show sixty-two i always 
seventy-eight i never 


magenta i harsh 
green trail gentle 
yellow i simple 
purple i complex 


quinine i remorse 
aspirin horror 
fever anxiety 
pill 

Roumania 

Egypt 

Germany i 

Holland happiness 


Kenneth i rich 

Peter wealthy 
William i affluent 
Robert prosperous 


Lulu and 
Winifred i but 
Alice so 
Joan or 


Thirty-two other pairs were included to make the plan of 80 less obvious and to 
furnish data for studying certain aspects of mental organization and systems. They 
were: 


horizontal last night 
depart tomorrow morning 
weak old friends 
low telephone call 


bad long litany 
night strange attitude 

i twenty disciples 
if celebrated 


kale he 
fish she 
Joe it 
thin we 
blend him 
seat her 
bike they 
doe us 
lame brook pray 
end wail worship 4 
dike send devil : 
fin bin heaven q 
book hook violet 
vend wand tulip 
Mike heat rose F 
Lynn spin daisy 
took rook love & 
cleat pond courtsihp 
spike whin hug d 
fonder hake kiss 4 
blame shame inch : 
tail fend foot 
toe throw yard 
yonder din kilometer 
fame 4 
cheat 
bake 4 
sake 4 
vertical animal slayer 
arrive next adverb 
strong brave Philip : 
high express _ declaration 
good manual of 
day written by 4 
yours hot as 
rich better than d 
ten cents in the j 
as ever for them - 
daily ? bread with many 
human _ nature such sweet 
671 
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The 112 pairs were read to 61 Ss six times in random order, four such orders 
being used. For 31 of the Ss the instructions were as follows: 

(A) I shall read a long series of pairs of words like disaster-straight, trim-bottle, 
glory-day. You will relax and be comfortable, listening to what I read so that you 
can honestly report that you kept awake and heard every pair of words; but that is 
all you need do. It is desirable that you should be equally attentive throughout, but 
the level of attention may be low. 

For 30 Ss the instructions were as follows: , 

(B) I shall read a long series of pairs of words like disaster-straight, trim-bottle, 
glory-day. You will attend about as you would to a lecture, and try to maintain about 
the same degree of attention throughout. 

The results for the two groups are amalgamated in what follows. Our conclusions 
would be supported by the facts for either group. 

At the beginning and end of the reading 8 other pairs of words were inserted to 
prevent special attentiveness to the beginning of the real series and to prevent inner 
repetitions to its last pair or so. 

The Ss were tested with the following tests: 


TEST 1 
Write after each word in the list below the word which came after it, if you remember what 
that was. If you do not remember, guess. Write some word after each word in the list below. 
(9) fend (17) lend (25) tomorrow 
(10) fish (18) next (26) took 
(11) for (19) pail (27) written 
(12) game (20) Quinn (28) yonder 


(13) hake (21) sake 
(14) heat (22) sleet 
(15) jail (23) strange 
(16) lame (24) tame 


Test 2 
Write after each word in the list below the word which came after it, if you remember what 
that was. If you do not remember, guess. Write some word after each word in the list below. 
(1) animal (9) fake (17) long (25) ten 
(10) flame (18) Lynn (26) toe 
(11) fond (19) manual (27) vertical 
(4) blend (12) good (20) nail (28) woe 


(5) brook (13) in (21) neat 
(6) came (14) kale (22) rook 
(7) cleat (15) last (23) shame 
(8) dike (16) like (24) spin 


Results. The results of the experiment enable us to ‘measure (a) the extent to 
which a situation or first member of a connected pair tends to evoke responses (or 
second members) that have been made to situations (first members) Jike it, and 
(b) the extent to which a situation tends to evoke responses like the response that 
has been made to it. How often will game, for example, evoke the responses (magenta, 
kennell, Lulu, etc.) which the experimenter made in his reading to lame, blame, 
fame, etc.? How often will game evoke two, six, or nine, which are numbers like 
one, which was the response made by the experimenter to game? 

In the tests a first member evoked a word which, in the training, was connected 


(5) bleat 
(6) book 
(7) crow 
(8) day 
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TABLE I 
Tue Frequencies OF CerTAIN Responses TO Every Worp In Tests A AND B 


Most frequent wrong response occurring 2 or more times 


Situation Right response 
connected Among Among Among words not 
six times 2nd members ist members in exper. 


slayer 
depart 
ever 
Alice 


they 
heaven 
harsh 


smooth 

him 

quinine 

violet 

butter depart 
Egypt Winifred 
so (sew) 


7 
7 
7 
5 
6 
I 
7 
4 
> 
3 
7 


Holland 


one (won) 


rose 

the 

47 

he 

magenta 

night 

cake to (two) 

always as* 

litany 

pill I magenta Mass. 
Massachusetts 3 
shoe 

of labor I 

remorse hammer 

six as* clean 

Winifred 

adverb morning time 

rich rich* i water 

simple i essence 
house 
man 
name 
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animal 25 like 3 cracker 5 
arrive 32 late 9 
as 19 always 4 like 6 is 4 
bake 13 cake* 12 cake 12 clam 2 
bread II 
bike 3 ride 15 
bin 5 brook 2 coal 20 
bit 6 by 3 end hit 
rough 3 ; 
bleat sheep 
blend 4 with 6 color 
book good 2 ~read 
brook 5 lame 2 stream 
came 2 went 1 
cleat 3. spike 2 shoe I 
crow fish 2 black 
day night 45 after 
dike 4 ditch 
fake happiness 14 me 4 man 
fend foot o her 3 a 2 off { 
for 2 
tend a 
fish she 17 cake cake fry 4 
flame and t Lulu 5 fire 9 ; 
fond wealthy 2 of 13 mother 3 
for them II ever 8 with 2 me 3 , 
game fish 2 12 
good bad 51 boy 2 7 
hake kiss Alice fish 5 rake 9 
cake 
her 2 
heat 
in 
jail 
kale 
lame 
last i 
lend , 
like 
long 
Lynn 
manual 
nail 
neat 
next 
pail 
Quinn 
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TABLE I (Continued) 
THE FREQUENCY OF CERTAIN RESPONSES TO Every Worp IN TEsTs A AND B 
Most frequent wrong response occurring 2 or more times 


Right response : 
Situation connected Among Among Among words not 
six times 2nd members 1st members used in exper. 


rook love 16 Roumania 2 book 3. bird 
castle 
chess 
pawn 

sake Joan of desire 
my 

take 

shame inch remorse sorrow 

sleet anxiety snow 

spin daisy top 

strange attitude 

tame joy 

ten cents 

toe William 

tomorrow morning 

took Roumania 


Ab COW NN NY 


vertical horizontal 

woe 78 6 me 3 

written by letter 5 

oral 5 
5 
2 


word 
yonder Robert of robin (Robbin) 1 
4 ge as and rich occurred also as first members. 
t Robert was apparently often misheard as robber, which occurred 6 times. 


with a word rhyming with that first member nearly twice as often as a word which, 
in the training, was connected with a word not rhyming with the first member but 
rhyming with some other first member. 

A first member evoked a word which was one of three (or seven in the case of 
the numbers, emotions, and pronouns) like the word connected with it in the 
training little or no oftener than a word which was one of three (or seven) like a 
word connected with some other first member. 

I had planned to check this by a second experiment using the words alike in 
sound as second members and the words alike in meaning or function as the first 
members. Probably the greater potency of the likeness in the situation or first 
member would then be even more emphatic since the likenesses in meaning and 
function are presumably more potent than the likenesses in sound. Unfortunately I 
have not had either the time or the facilities for this sécond experiment. 

The first of these two results is in harmony with my general law of assimilation, 
that “to any new situation, man responds as he would to some situation like it, or 
like some element of it.” 

The second is not in harmony with common psychological opinions about the 
assimilation, confusion, and interference of ideas and movements. These hold that an 
idea or movement has a tendency to take the place of another and that the strength 


I 
I 
cake 2 
her 2 
it 2 
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of the tendency is in some positive relation to the amount of resemblance of the 
two, and that such tendencies operate as much, if not more, on an idea or act that 
is occurring rather than on one which has just occurred. They would expect, for 
example, that Jame and tame would fairly often substitute one for the other when 
one was about to be spoken, written, or typed, with the result that we said or wrote 
“the tame prince’’ instead of “the lame prince’ or a “lame tiger” instead of “‘a tame 
tiger.” But they would not expect that Jame and tame would so often substitute one 
for another as dynamic agents after one was fully present and cause us to translate 
“a lame man” as homo cicur, or a “tame lion” as Leo claudus. In the case of our 
experiment, they would expect that the associative process would stray from the 
lame —> magenta which had been more or less established by the experiment 
to lame — green or lame — yellow or lame — purple oftener than to lame 
(— game) — one or lame (— flame) — and, or lame (— fame) — Lulu. 

Perhaps they would have done so except for the prevalence of rhyming words in 
the experiment (78 out of 224) which may have made the -ame, -ail, -ake, etc., 
elements of the situations predominant over the total sound and meanings. That 
would exaggerate the tendency to respond to a word as one would to a word like it 
in sound. But it would not absolutely weaken any genuine tendency for similarity 
among the second members to cause one of them to take another's place. 

It is therefore advisable to seek better evidence than is now available of the ex- 
istence and magnitude of this tendency, which seems to operate in the search for 
forgotten names, in slips of the tongue and pen, and in mistakes generally, but did 
not show itself emphatically in the experiment.’ 

Corollary results. A word which has been connected as the response to another 
word, by six occurrences of the pair, has its probability of occurrence as the response 
to that word in the test increased greatly (to an average of 0.2480). 

A word which was used in the experiment and so heard six times, though not 
connected with the test word, has a substantial frequency of occurrence as a response 
to it, 0.0015 in the case of words occurring as second members and 0.001 in the case 
of words occurring as first members. The words as, cake and rich, which occurred 
six times as first members and also six times as second members, show average oc- 
currences (as errors) of 0.007. (This, however, is probably unduly high because of 
bake — cake, a very common error.) 

Words not used at all in the experiment accounted for 45% of the responses, 
or 0.00002 per word if we assume an average vocabulary available of 22,500 words. 

Roughly, being among the words heard multiplies the likelihood of occurrence 
by 50 or 80 (for first members and second members, respectively), and being con- 
nected with the given word multiplies it by 12,400. 

In spite of the fact that the only rhyming pair was “crow so,” one-sixth of the 
test responses which used first member words erroneously were rhymes like blend —> 
send, blend — tend, kale — jail, kale —> pale, etc.; and one out of five of the 
responses to bake was cake. The experiment in this and other ways showed a conflict 
between logical and purely physiological forces. The set of the mind toward rhyming 
established by the seventy-two -ale, -ame, -ake, -eet, etc., words outweighs the experi- 


* Robber and robin did take the place of Robert often, but perhaps largely by 
mishearings. 
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ence that these were first-member words, and that there was only one rhyme of 
any sort. 

The experiment shows that response is influenced of the one hand by rather broad 
features of the mind’s “‘set” or attitude, and on the other by some relatively small 
fraction of the single word. For the former, we may cite the general intent to respond 
by a single word, shown by the fact that among 1,700 responses there is not a single 
case of a phrase. The latter is shown by the potency of the end sounds of the words. 

I give, in Table I, facts illustrating the variations in difficulty of learning and 
retaining typical sorts of connections, and the causation of the erroneous responses. 
These are in harmony with the explanations presented by the writer in The Funda- 

~mentals. of Learning, Chapters 4 and 14. 
Teachers College, Columbia University Epwarp L. THORNDIKE 


FROM THE CONDITIONED REFLEX TO NEUROPSYCHODYNAMICS 


Those who follow Pavlov know his emphasis upon the synthetizing functions of 
the efferent side of the nervous system as set against the analytical offices of receptor 
and other afferent structures: know likewise his emphasis upon excitation and inhibi- 
tion as fundamental aspects of central physiology. The conjunctive action of the 
whole functional scheme—the neurodynamical field, as the present writer regards 
it—is represented by Fig. 1, where A stands for analysis, § for synthesis, +- indicates 
an excitatory course, — a (counter) inhibitory course, and where 4, a, o and s 
stand for various potentials in the A —> S and § —> A phases of neural activity.’ 


Fic; 1. THE NEURODYNAMICAL FIELD 


The analytic and excitatory course (++) is from the more general, primitive, and 
gross to the more detailed, recent, and subtle and from higher to lower potentials: 
the inhibitory course (—), on the contrary, is from the less integrated, particular, 
and recent to the more general and primitive and from lower to higher potentials. 


*I. P. Pavlov, Lectures on the Work of the Hemispheres of the Brain, 1927, 
1-371; An Objective Experimental Study of Higher Nervous Activity of Animals for 


Twenty Y ears, 1932. 
*G. A. Ivanitsky [Statistics and dynamics of complex nervous activity}, Sovrem. 


Psykhon., 1926, 480. 


A + + 

——, 
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Excitation and inhibition are reciprocally inducing.? This scheme is meant to express 
all the dynamical relations of the ‘higher neural activities.’* My integrated field repre- 
sents Pavlov’s locking-mechanism, which functionally unites receptor and effector, 
and which, in its developed forms, it dominates. The concept of the neurodynamical 
field was approached in Sherrington’s final common path and in his integral concep- 
tion of the reflexes, and it is confirmed by Kapper’s neurobiotaxis,® by Child’s gradients 
of irritability and conduction,* by Coghill’s principle of the priority of generalized 
activity,” by Lashley’s explanation of the functional interaction of specialized cortical 
areas,® and by Kohler’s ‘situation-field.” All these and many other men and works 
tend away from the older view of the fixed reflex and toward a functional plasticity. 

The racial development of man is the history of a progressive functional con- 
struction of the neurodynamical wedge between a more direct conjunction of 
stimulus and motor response. The progressive construction of tools and their use 
demand this central development in the brain. The writer believes, moreover, that 
he has established a correspondance between plus and minus aspects of his field 
and Wundt’s doctrine of affective opposition within each of his three dimensions of 
feeling,” and indeed between his field and the mental field at large (neuropsycho- 
dynamics)," both in the normal condition and in disorder. 

Leningrad G. A. IVANITSKY 


DESMONCEAUX’s STUDY OF THE NEWBORN 


Kussmaul is credited by most writers as being the first to investigate the behavior 
of the normal newborn infant.’ Nevertheless Kussmaul in his dissertation referred to 
a study of the vision of young infants said to have been conducted by Desmonceaux 
in the year 1775. Kussmaul had not seen this report but knew of it through Rudolphi.? 
Miss Shinn also referred to this early publication.’ She stated that she had been unable 
to find the work, and noted the importance of recovering it from the standpoint of the 
early history of child psychology. Since the time of Shinn’s monograph, no one seems 
to have been further interested in Desmonceaux, nor does it appear that anyone since 
Rudolphi has seen or examined the contribution in question. 

It may, therefore, be of some interest to know that a copy of Desmonceaux’s work 
is in the Library of the Surgeon General’s Office, Washington, D.C. The publication 


* Cf. my article [The neurodynamic A.S, and reflexological mechanism], Sovrem. 
Psykhon., 1926, 627-645. 

“The A and S poles of my field are identical with the sensory motor dominants 
of A. A. Oukhtomsky, The Parabiosis, 1927. 

°C. U. Ariens Kappers, Die vergleichende Anatomie des Nervensystems, 1921. 

*C. M. Child, Physiological dominance and physiological isolation in develop- 
ment and reconstitution, Arch. f. Entwickmech., 117, 1929, 21-66. 

"G. E. Coghill, Anatomy and the Problem of Behavior, 1929, 1-113. 

®K. S. Lashley, Brain Mechanisms and Intelligence, 1929, 1-186. 

° W. Kohler, Intelligenzpriifungen an Menschenaffen, 1924, 1-194. 

* Ivanitsky, Rev. Psychiat., Neurol., & Reflexol., 1929, 249. 

" Ivanitsky, Sovrem. Psykhon., 1930, 201, 288. 

* A. Kussmaul, Untersuchungen iiber das Seelenleben des neugeborenen Menschen, 
1859, 1-32. 

*K. A. Rudolphi, Grundriss der Physiologie, 1823. 

*M. W. Shinn, Notes on the development of a child: II. The development of the 
senses in the first three years of childhood, Univ. Calif Publ. Educ., 4, 1904, 1-258. 


q 

q 

i 

4 

| 

i 


678 NOTES AND DISCUSSIONS 


proves to be a pamphlet of sixty-three pages,‘ which in spite of its promising title 
is devoted chiefly to a discussion of the diseases of the eye. The sole material on the 
vision of the newborn consists of an anecdote which Desmonceaux apparently received 
at second hand. The anecdote concerns a post-mature infant, reputedly of a pregnancy 
which lasted thirteen months, which when delivered had long hair and long nails in 
addition to being of extraordinary size. In view of its age, Desmonceaux was inter- 
ested in the child’s visual mechanism. He was told that the accoucheur was obliged 
to cover the head of the infant with a handkerchief in order to put a stop to the 
strenuous turnings of its head which the infant persisted in executing in order to focus 
on a lamp. A similar case of a child born after an alleged twelve-month’s pregnancy 
‘was-also mentioned but no details were given. Desmonceaux cited these cases to prove 
that a child would be capable of seeing at birth if the physical mechanism were sufh- 
ciently complete. His problem has a modern ring, but it is clear, of course, that we are 
dealing here with a type of report which in no way endangers Kussmaul’s acknowl- 
edged priority in the direct study of the newborn. Desmonceaux did not claim to have 
made the above observations himself. The fact that Desmonceaux stressed the ex- 
traordinary post-maturity of the infants indicates that he cannot be credited with much 
observational knowledge of the normal newborn, for many later observers have seen 
good visual codrdinations in newborn infants of normal term pregnancies.” Desmon- 
ceaux repeated his story almost verbatim in a general treatise on the diseases of the 
eye which appeared in 1786,° a copy of which is also in the Surgeon General's Library. 

Also to be found in this library is a publication by Petit,’ on why the newborn do 
not see clearly, which is dated 1727, almost fifty years before Desmonceaux’s booklet. 
Petit took the inadequate vision of the newborn as a matter of common knowledge, 
and his article is concerned with an attempt to explain the supposed condition of the 
newborn in terms of the structure of the eye. This reference, like Desmonceaux’s, 
proves to be a disappointment in so far as behavioral study is concerned. 

The works of Petit and Desmonceaux contain less description of behavior than do 
many of the writings on anencephalies and other infant monstrosities, topics which 
often concerned observers from late medieval times onward. 

University of Virginia WayNeE DENNIS 


“HUNDREDS HAvE ALREADY ADOPTED’ 


A standard psychological journal has recently devoted its most conspicuous page 
to the advertisement of a certain revised textbook. The publisher (the press of a 
large university) declares that the “text has already had 207 adoptions because”’ 
(here follow flattering statements from two professors). The shock of finding my 
own and most of the other large universities in the long list of ‘adoptions’ of this 
book has led me to reflect upon the ambiguity of such displays. With eight colleges 
and schools and a still larger number of administrative divisions of this university 
professing psychology—professing under a wide assortment of adjectives—the sig- 


“L’abbé Desmonceaux, Lettres et observations anatomiques, physiologiques, et 
physiques, sur la vue des enfans naissans, avec un mémoire sur l’establishment d’un 
prix medaillique, 1775, 1-63. 

* W. Dennis, A description and classification of the responses of the newborn in- 
fant, Psychol. Bull., 31, 1934, 5-22. 

* Desmonceaux, Traité des maladies des yeux et des oreilles, 1786. 

* Petit, Pourquoi les enfants ne voyent pas clair en venant au monde, et 
quelque temps aprés au’ils sont nes, Hist. acad. roy. d. sct., 1727, 246-257. 
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nificance of an institutional ‘adoption’ becomes uncertain. A text adopted in physics, 
mathematics, or chemistry would strongly imply the relevant department; not so in 
psychology where any teacher or researcher who in any way touches upon ‘human 
nature’ may possess and, in fact, frequently uses upon his students, his own private 
brand of this accommodating subject. 

Where the publisher and the author find such a doubtful means of advertising 
to be profitable, it may be well for our editors and our professional organizations to 
make a close scrutiny of the problem as it touches psychology. When they do they 
might examine also the related practice of using excerpted testimonials from book 
reviews and from letters written in acknowledgment of copies sent voluntarily by 
the publisher. Within the hearitest disapproval of a new book there is likely to 
occur a commending phrase, commending at least if taken from the context. What 
reviewer has not blushed or blasphemed to find himself in quotation marks which 
utterly misrepresented his main candid judgment of a book! Publishers who look 
in vain for an early comment upon ‘complimentary copies’ might be surprised to 
learn how frequently psychologists hesitate to expose themselves to unfair quotation 
used to support the introduction of a new book or a new edition. 

Psychology is just now openly exposed to the exploitation of name and profes- 
sional integrity. Heaven forbid that it should become a self-defensive guild. Its 
members are justified, however, in protesting against the unauthentic. A great deal 
of shabby. and unauthorized popularization is for the present beyond its control; 
but the form and manner of advertisement in its own books and journals might well 
be improved. M.B. 


On THE INTERPRETATION OF THE STANDARD ERROR OF MEASUREMENT 


In his recent book, Psychometric Methods, Professor J. P. Guilford gives an interpretation 
of the standard error of measurement which is definitely erroneous. He writes (p. 414): 
“Besides using coefficients of correlation to indicate the closeness of predictions, we may also 
employ the standard error of estimate, which has the general formula oyz = 0,(1 —1yz*)". The 
same sort of standard error can be applied when we are dealing with X., and X1. In predicting 
X; from X.. the formula becomes 0}. =01(1—111)/*. In this form of the equation, we are 
dealing with predictions of X; from X... The name given too}. is the standard error of measure- 
ment. Suppose that for a given set of test scores o1~ is 4. If a certain individual has a true 
score of 50 points in the test, then we may expect two-thirds of bis actual scores to lie be- 
tween 46 and 54.” In a footnote on the same page, Guilford writes further: ““Too often one 
finds the interpretation of 01. misstated. For a given score of 50, when o1. is 4, one is likely 
to read the interpretation that ‘the probability is two-thirds that the true score lies between 
46 and 54.’ The latter statement implies the prediction of X., from Xi.” , 

Unfortunately, what Guilford has called a ‘‘misstatement” is the correct interpretation; 
it is his discussion which is in error. This may be demonstrated very simply in the following 
way. Let X..=the true score of an individual on test 1; and let X;=his obtained score. 
Then if x,—x.=e stands for obtained — true scores in the test, we find, upon squaring, 
summing over our range, dividing by N, and substituting for 11. and o.. that o¢ oF 1 equals 
o;(1—r1)"?, Holzinger (Statistical Methods for Students of Education, 251) has called o, the 
standard error of response, which is a better name than standard error of measurement. 
A still better name, it seems to me, is standard error of an obtained score. 

It is evident from its derivation that o;(1—1:z)"? gives the probable divergence of an 
individual's obtained score from his (theoretical) true score. To illustrate the correct use of 
the formula, if an individual makes a score of 50 on a test, for which o1. = 4, the odds are 2:1 
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that this score does not diverge from its true value by more than +4 points. Or, to say the 


a same thing, the chances are 2 in 3 that the individual's true score lies between 46 and 54. 
E This is usually the kind of information which one wants. It is erroneous to say, as Guilford 
A does, that if an individual has a true score of 50 in a test, we may “expect two-thirds of his 
3 actual scores to lie between 46 and 54." Moreover, it is meaningless. We never actually have 
iy an individual's true score; and if by some legerdemain we managed to get it, it is improbable 


that we should be interested in the range of “‘actual scores.” 

a Guilford also makes an incorrect interpretation of the formula o21=01(ny—n1*)!? 
(p. 415), which he calls the standard error of estimate of a true score. To quote again, he writes: 
“Assuming that 711 is 0.81, and that 01. is 4, then 71 would be 0.9 X 4 or 3.6. For an individual 
score of 50, we should be justified in saying that the probability is two-thirds that the true 
score lies between 46.4 and 53.6.” This interpretation is wrong, because this formula does not 
give the probable divergence of an obtained score from its true score, but the probable 
divergence of an estimated true score from its (theoretical) true score. The true score is esti- 
mated, of course, by means of a regression equation. The correct interpretation of Guilford’s 
illustration would be that if an individual's estimated true score were 50, the probability is 
two-thirds that this score does not diverge from its true value by more than +3.6 points. 
The correct descriptive term for ¢..1 is standard error of an estimated true score, not standard 
a error of estimate of a true score. 

: Columbia University Henry E. Garrett 


More ConcerNING THE INTERPRETATION OF THE STANDARD Error OF MEASUREMENT 


Through the courtesy of Professor Garrett and of the editors of this Journat I am able 
43 to reply in this number to the criticisms made above of my interpretation of the standard 
q error of measurement. I welcome this opportunity for I now see, from Professor Garrett's 
a confusion, that I need to make the interpretations that I sought to express in my book more 
FS complete and more explicit. 


Dr. Garrett's chief difficulty lies in his frequent confusion of two variables that are logi- 
cally distinct and separate. In the rationale underlying the reliability of tests and the measures 
of reliability, it is customary to assume two scales or continua; the continuum of true scores 


yi and the continuum of obtained or test scores. I believe that Garrett's confusion of the two is 
¥ due in part to his conception of “true” scores. On page 272 of his Statistics in Psychology and 
& Education he defines a “true” score as “the average of a very large number of measurements 
made of the given individual on the same or duplicate tests under precisely the same condi- 


: tions.” In passing it may be said that the qualification “under precisely the same conditions” 
g must be taken only in a loose sense, particularly when duplicate forms are used. But apart from 
this, for the sake of strict logical accuracy I should say that in this quotation Garrett has 
defined not a “true” score, but a “best” score. In practice we may assume that the “best” | 
“score approaches in value the “true” score, but it is not logically identical with it. 

The true score, X.., as I should define it, is an individual's real position on an ideal scale 
that corresponds with the test scale in a linear functional relationship. Logically, we may treat 
either scale as the independent variable and the other as the dependent variable. One can 
set up a regression equation for predicting the true score from the test score, or a regression 

equation for predicting the test score from the true score. Naturally, since we can never 
a know the true score, only the first of these two regression equations is practically useful. 
In deviation score form the two equations are:! 


1 The symbols x,,’ and x,’ are used in place of x,, and x; in order to indicate that they are 
estimations or predicted values. 
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and = [2] 

In general, the standard error of the estimate is the standard deviation of the observed 
values for the dependent variable when taken as deviations from the regression line. The 
regression line contains the predictions or estimates of values on the scale of the dependent 
variable corresponding to values on the scale of the independent variable. For example, the 
standard error of estimate o..1 assumes the regression of true scores upon test scores; of X.. 
upon X};. Strangely enough, in view of his first paragraphs, Garrett interprets this standard 
error correctly, as will be seen in his last paragraph, and his interpretation differs in no essen- 
tial respects from my own. He merely uses the expression “‘an individual's estimated true 
score” in place of my own less explicit ‘an individual score.” The symbol o.1 does give “the 
probable divergence of an estimated true score from its (theoretical) true score,” to use his 
own words. Why Garrett should want to change the terminology for o«1, however, is not 
at all clear. The expression “standard error of the estimate” is a well-known statistical con- 
cept, rigidly defined; it measures discrepancies of actual values from estimated values. To 
make the change, as Garrett proposes, from “standard error of estimate of a true score” to 
“standard error of an estimated true score” seems to be a mere quibbling such as the debate 
over whether one should call a certain cooking utensil a “skillet” or a “frying pan.” 

Having taken so much pains to stress the point that in using o.. we are dealing with 
predictions of true scores from test scores, Garrett is not willing simply to reverse the variables 
when dealing with the logic of 1... Note his own statement: “It is evident from its derivation 
that o:(1—11)"/2 gives the probable divergence of an individual's obtained score from his 
(theoretical) true score.” This quotation demonstrates one of my early assertions; that in 
Garrett's thinking there is a confusion of the two variables. As will be shown later, this 
confusion enters very early into his much abbreviated derivation of o1.. The “(theoretical) 
true score” is not on the same scale as the “obtained score.” To speak of the deviation of the 
obtained from the true score is logical nonsense. 

I agree with Garrett that we can never know an individual's true score, though here he 
departs from his own definition of a true score as I have quoted him from his book. We can, 
nevertheless, assume that if we did have true scores and if we knew the regression equation 
of the form of equation [2] above, we could make predictions of test scores. It is only. in 
connection with these predictions that o1.. has any real meaning; that o;.. measures the prob- 
able divergence of the obtained test scores from the estimated test scores—estimated from the 
true scores—just as ¢.1 measures “the probable divergence of an estimated true score from its 
(theoretical) true score,” as Garrett himself has so well said. 

To go into the matter a little more fully, and to apply what has been said, let us assume 
some values and use the regression equations and their corresponding standard errors of esti- 
mate. In order to maintain consistency with Garrett's discussion and my own in Psychometric 
Methods, let us assume that = 0.81, Mi = 50, and = 9.17. From these values we find that 
Cie = 4.0, Fa1 = 3.6, and 71 =0.90. These are the values we need. It should be said for the 
sake of completeness that the unit of the true scale is assumed to be identical with that of 
the test scale. This assumption is rarely made explicitly. It can be readily shown that the 
ratio of the dispersion of the true values to that of the test values is equal to the index of 
reliability, or ¢../01=T10.? This fact is helpful in simplifying the regression equations. 

Let us use equation [2] first. Since ¢/o1 =i, equation [2] becomes 

= [3] 


2 Psychometric Methods, 414. 
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If M, is assumed to equal M.,, then the regression equation in score form is 
Xx; 1 Xx, [4] 


This is a resonable equation, for if we actually knew the true score of an individual the 
most reasonable guess is that his obtained test score would be the same. If an individual's 
true score is 50, we predict that his test score will be 50. If 1. == 4.0, then the chances are 
2 to 1 that the test score obtained will lie between 46 and 54 on the scale of obtained test scores. 
We cannot reverse the process, as Garrett’s argument would demand, and say that for an 
obtained score of 50 the chances are 2 to 1 that the true score lies between 46 and 54. In the 
first place, the true score does not lie on the test continuum to which o1. applies. In the second 
‘placé;-we could not give the limits 46 to 4 as applying to the true scale, since o..1 is numerically 
smaller than 1. The ratio of 21 to o10, like that of ¢. to o1, is equal to r1.. The only time 
when the limits of + 10 are numerically equal for the two scales is when ny = +1.00. 

It is appropriate, and essential to my argument, to point out at this place that in Garrett's 
derivation of ¢;.. he should have started with the equation X; = X1’+e, and not Xi=Xa+e, 
in which Xj’ is the “prediction” of X; from X.. This point of origin avoids the confusion 
of the two variables at the very beginning. It is true from equation [4] that X1’=X.., and 
numerically 1. would give the probable divergence of an obtained score from the correspond- 
ing true score from which it would have been predicted by equation [4]. But even this line 
of reasoning does not justify the type of interpretation of o1.. that I was calling into question 
in the footnote quoted by Garrett. It is a long jump from the interpretation just given to the 
quoted one: “For a given score of 50, when o1~ is 4.0, +++ the probability is two-thirds that 
the true score lies between 46 and 54.” 

Regression equation [1], with r:.. substituted for ¢./o1, becomes 


Yeo! = = [s] 
In score form, assuming that Mi = M,,, it becomes 
X.! =n Mi. [6] 


To apply to our particular illustrative problem, substituting the assumed values, the equa- 
tion reads X.,’=.81X1+9.5. From this equation we may estimate true scores from known 
test scores, and the measure of the error of our predictions is given by 1. The interpretation 
of o1 as given in my Psychometric Methods reads as Garrett has correctly quoted it. It would 
have added much in the way of clarity to have said “For an individual estimated true score” 
instead of merely ‘For an individual score” for that was the meaning intended. 

A last word may be added with regard to terminology. For o1.. Garrett now discards the 
term “‘standard error of measurement” in favor of new labels. In the opinion of the present 
writer, his original expression is not bad terminology. The constant oi. does measure the 
errors of measurement, involving the variance in the test scores over and above that estimated 
from the true variance. To be more exact, o1..2 measures the error variance, whereas o .. meas- 
ures the error variability. Holzinger’s term “standard error of a response” seems not very 
suggestive, being much too general in connotation. Garrett's new suggestion, “standard error 
of an obtained score” almost coincides with my own “standard error of a raw score” (see 
Psychometric Methods, p. 415), and with Thurstone’s “standard error of a test score.’ Of the 
last three, Thurstone’s is perhaps the least apt, since in a sense the true score is a test score, 
having its only being in connection with some test. It is hoped that future usage will limit 
the choice of name. I see no reason why the original term “‘standard error of measurement” 


3 L. L. Thurstone, The Reliability and Validity of Tests, 1931, 113. 
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cannot be retained for the general case, including types of measurement other than tests. 
One of the others should be reserved for the test type of measurement. 
University of Nebraska J. P. Guttrorp 


A RgjoInpER 


I think that anyone who reads my Note and Professor Guilford’s Reply will agree that 
one of us is certainly wrong; and I may add that there is not the least doubt in my own mind 
as to who the guilty party is! The disagreement between Professor Guilford and me really 
hinges upon the definition of a ‘“‘true’* measure or “true” score. On page 272 of my Statistics 
in Psychology and Education (1926), I define a “true” score as “‘the average of a very large 
number of measurements made of the given individual on the same or duplicate tests under 
precisely the same conditions.” Kelley (Iaterpretation of Educational Measurements, 192'7, 152) 
writes: ““We shall define an individual's true test score as the average score that he would 
make if it were possible to test him with an infinite number of similar forms.’ Warren's 
“Dictionary” defines a true score as ‘the measure which would be obtained by taking the 
average of an indefinitely large number of measurements of a given individual on similar tests 
taken under similar conditions. (A true score is not possible of determination experimentally).” 
It will be noted that all of these definitions (and many more could be cited) stress the notion 
of the true measure as an average, and that all agree, at least by implication, that a true measure 
can never actually be obtained. In both of these respects, a true score is analogous to a true or 
population mean. A true mean is defined as the average of a very large number of obtained 
means calculated from samples drawn at random from the given population. 

Guilford refuses to accept the workable definition of a true score as the average of very 
many determinations. He prefers a much more ethereal definition. Thus he writes: “The 
true score, X.., as I should define it, is an individual's real position on an ideal scale that corre- 
sponds with the test scale in a linear functional relationship.” This definition, it seems to me, 
fails to make clear the fact that a true score has meaning only in terms of the scale units in 
which the obtained score is expressed. The distribution of true scores is, to be sure, more 
narrow than that of obtained scores (since 0 =ob:(r11)"/, but the scale is necessarily the same. 
Hence, to define a true score as a “real” position on an “ideal” scale is to leave it in vacuo—an 
incommensurable point on a non-existent scale. Quibbling of this sort simply confuses the 
issue and gets nowhere. Nor does Guilford’s introduction of the notion of “‘best”’ score 
clarify the discussion. After quoting my definition of a true score (given above) he comments: 
“for the sake of strict logical accuracy, I should say that in this quotation Garrett has defined 
not a true score, but a (sic) ‘best’ score. In practice we may assume that the “best’ score 
approaches in value the ‘true’ score, but it is not logically identical with it.” If by “best” 
score, Guilford means the best or most representative estimate of the individual's “true” 
ability, he has simply rephrased my definition without adding anything to it. If an infinite 
number of determinations of an individual’s ability could be obtained, the average of these, 
which is of course their “best’’ or most representative value, would not only approach the 
true measure but be logically identical with it. Defined in any other way, a true score has no 
real meaning—except, perhaps, on Guilford’s “ideal” scale! 

It seems to me that Guilford’s use of the term “best” score is not a happy choice, as this 
description implies highest or best performance rather than most representative performance. 
In repeated testings, chance errors will cause an individual's obtained scores to vary above, 
as often as below, their true value; and the best (in the sense of highest) score is certainly not 
the most representative of true ability. I do not think that Guilford meant by “‘best”’ score to 
imply best performance, but I feel that the term, as he uses it, could readily lead to confusion. 
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The correct interpretation of the standard error of measurement really depends upon the 
correct definition of a true score. Once the notion of a true score is grasped, the meaning of 
the standard error necessarily follows. Since Guilford vigorously defends his interpretation of 
the s.e. of measurement, however, it may be well to discuss the derivation of this formula 
somewhat more fully than I did in my original Note. The s.e. of measurement may be re- 


' _ garded (1) as the standard deviation of the differences—obtained scores minus true scores— 


and (2) as the s.e. of estimate made in predicting obtained from true scores, by way of a re- 
gression equation. I shall consider both of these approaches in order. 

Let X1 equal the score obtained by a given individual upon Test I, and let X., equal the 
same individual's theoretical true score in the function measured by the test. Note that X.. 
must-be defined in terms of the units of the scale of Test I, if it is to have any real meaning. 
It can easily be shown that (X; —X..) equals (x: —x..), so that x1 —x. =e is the error made in 
taking X; instead of X... Now we may square both sides of the equation x;—x. =, sum over 
the given range, and divide by N, the number of cases. If we substitute (r1)"/? for rio, and 
for we shall find that o,=01(1 This result, or is commonly known 
as the s.e. of measurement. As is evident from its derivation, o1. is the standard deviation 
of the differences between obtained scores and their corresponding true scores. Given the 
score made by a particular individual, therefore, 1. gives the probable divergence of this 
obtained score from its theoretical true value. Thus, if an individual's score on a given test is 
50, and o1~ is 4, the odds are 2:1 that this person's score does not diverge from its theoretical 
true value by more than + 4 points. Or, to say the same thing, the chances are 2 in 3 that this 
person's (unknown) true score lies between 46 and 54. This is perhaps the simplest way to 
interpret the s.e. of measurement. 

The s.e. of measurement becomes the s.e. of estimate when one employs the equation giving 
the regression of obtained upon true scores. Let us suppose that we actually have the true 
scores made by the members of a group upon a certain test. Suppose, further, that we have 
calculated the correlation between the scores actually achieved and their true counterparts 
for the members of our group. The regression equation (in deviation form) of obtained upon 
true scores then becomes #1 =11.(01/o.)Xe0, in which #; is the estimated obtained score (ex- 
pressed as a deviation from M), ri is the correlation between obtained and true scores, o1 
and o., are the SD of the obtained and true scores, respectively, and x.. is the theoretical true 
score (also expressed as a deviation from M). Substituting (711)"/? for r1.., and o1(r11)"/? for o., 
we reach the result #;=x..; or, since the means of true scores and of obtained scores are taken 
as equal, X;= X... The s.c. of estimate, oestX,, of the “dependent variable” scores predicted 
from this equation is readily found to equal o1.. That is, vestX,, is the same as o1., the s.e. of 
measurement derived above. 

This result is of interest for several reasons. First, it clearly means that, given an individ- 
ual’s true score, our very best estimate of the score which this subject will actually achieve 
upon our test is this same true score. This is an eminently reasonable finding, since the 
average (here the true score) of a very large number of determinations is always the most 
probable value. We may note again the analogy of true score and true or population mean. 
The means obtained from successive samples will hit around the population mean—more 
often close to it than far removed—provided our sampling is random. The average of these 
obtained means, therefore, is the best estimate of the true or population mean; and, for the 
same reason, an individual's true score (being the average, theoretically, of many determina- 
tions) is the very best estimate of the score which he may be expected to receive. So much 
for the meaning of our prediction. 

What is the s.e. of estimate when Xi is “predicted” from X..? Let us consider the corre- 
lation table representing the relationship between obtained (X) and true (Y) scores. In this 
diagram, any individual's true score gives at once the best estimate of the score he may be 


NOTES AND DISCUSSIONS 685 


expected to earn; and cestX, OF C10, which i is simply the SD of every column array, gives the 
spread of obtained scores (to be expected in successive testings) around this value. The 
estX, OF Fie, gives, then, the scatter of expected obtained scores around the estimated best 
obtained score—which is none other than X.., the given true score. Hence, oestX, OF 10 
gives the probable divergence of obtained scores from their theoretical true value. 

It is true, of course, that one never actually has the true score of an individual. Hence, 
when Xi, the obtained score is taken (as it must be) as evidence of X., the theoretical true 
score, O12 gives the probable divergence of a subject's obtained scores from our very best 
estimate of his score, namely, from X., the true score. Thus it is clear that the meaning of 
estX,, the s.e. of estimate, is entirely consistent with the meaning of o1.., the s.e. of measure- 
ment, developed above. 

The last point at issue concerns the interpretation of ¢.1, which I have called the s.e. of 
an estimated true score. This quantity, like o1., may be developed in two ways. If we let 
X..=our estimate of an individual's true score, and X, «=the theoretical true score of the 
same person, then % —x~ =e’ is the error made in taking X .. as evidence of X... If we square 
both sides of the equation 7, —x. =e’, sum over the range and divide by N, we have, upon 
substituting for rie, 1101 for for that =01(r11 This s.e., 
usually written o.1, is the standard deviation of the differences between true scores and the 
estimated true values which correspond to them. Given so as the —— true score of an 
individual, therefore, and 3.6-as o1, we may say that the odds are 271 that this person's 
estimated true score does not diverge from his theoretical true score by more than +3.6 
points. This is a straightforward and meaningful interpretation. 

The s.e., 001, may also be considered as the s.e. of estimate, when one employs a regression 
equation to estimate an individual's true score, given his obtained score upon a test. This 
equation in deviation form is #0 = T10(¢«/01)x1 which may easily be reduced to #.=n1%i or to 
Xo=n1X1+K. Given an individual's obtained score, therefore, expressed as a deviation from 
the test mean, it is clear that his estimated true score (also expressed as a deviation from the 
test mean) will always be less than the obtained deviation value. This illustrates again the 
well known fact that chance errors serve always to increase the spread of scores around the 
mean. 

The s.e. made in estimating X scores from Xj is Xe. This is readily shown to equal 
Hence, this s.e. (<1) gives the error made in taking a trye score, predicted by way of the 
regression equation from an obtained score, as evidence ‘of the theoretical true score. Or, 
expressed differently, 0.1 gives the probable divergence of the estimated true score from its 
theoretical true value. Again, this conclusion is seen to agree with the interpretation of o.01 
given above. 

One final word may be said with respect to terminology. I have wasn substituting s.e. 
of an obtained score for the s.e. of measurement, because the former description tells more 
precisely just what the formula does. For the same reason, s.e. of an estimated true score, or 
more accurately but more clumsily, s.e. of estimate of a predicted true score is to be preferred 
to the simple s.e. of estimate. The present tendency is to define a thing by what it does or is 
rather than in a general or abstract way. Thus, we say “product-moment 1” instead of 
“Pearson r”’; and describe a test in which one marks out A's as a cancellation test rather than 
as a test of perception and attention. In a sense, every standard error is a s.e. of measurement; 
the term is general and does not in and of itself inform one as to what the s.e. actually does. 
I do not wish to press this matter of terminology, however, as I do not regard it as important. 
As far as I am concerned, Professor Guilford is welcome to use s.e. of measurement, if the term 
strikes him as especially apt. I hope that it will not be amiss if I venture the hope, however, 
that he may in time learn to interpret the formula (under whatever name) correctly! 

Columbia University Henry E. Garrett 
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BOOK REVIEWS 


Men, Women, and Jobs. By DONALD G. PATERSON and JOHN G. DARLEY. 
Minneapolis, University of Minnesota Press, 1936. Pp. v, 145. 

Those who judge the contribution of a book in terms of its physical bulk will 
be vastly misled by the thinness of this volume. By careful condensation its 
authors have managed to present in small compass the results of studying more than 
8000 unemployed and employed workers at their Occupational Analysis Clinic; and 
even—cursory reading will suggest the importance to psychology at large of their 
integrated program of research. 

The general procedure called for a review of each case by a codperating board 
composed of physicians, social workers, economists, industrial engineers, and voca- 
tional psychologists. For each case the board of review had available a work-history, 
the results of medical examinations, scores on vocational tests, and reports from 
trained interviewers. Although recommendations were frequently forthcoming, the 
clinic regarded itself primarily as a fact-finding body engaged in attempting to 
discover the causes of unemployment. 

A major project involved a comparison of the early unemployed, the late unem- 
ployed, and the currently employed workers. Analyses of several thousand cases 
showed marked differences between those who lost their jobs early in the depres- 
sion and those who were dropped late in the depression; on the other hand, no sig- 
nificant differences were found between the late unemployed and the currently 
employed. The early unemployed showed lower average scores on the vocational 
tests, exhibited a larger percentage of physical disabilities, and represented a higher 
proportion of workers who had been dropped for other than financial causes. In 
view of the failure to find significant differences between the late unemployed and 
the currently employed, the authors remark that “it would seem that while survival 
of the fittest is the rule up to a certain point, there comes a time in a depression 
when some other criterion is used in deciding which workers are to be laid off.” 
Length of service is found to constitute one such criterion. 

A second project concerned the delineation and differentiation of types of un- 
employed workers. Basing their classification chiefly upon a study of case histories, 
the clinic found it useful to distinguish the casual worker (drifter), the non-modal 
worker (not long enough in any line to classify), the threshold worker (beginner), 
the physically handicapped, the vocationally maladjusted, and the unemployable. 
It was found that definite characteristics could be assigned to each of these groups. 

A third outcome of the clinic’s labors is in the form of information regarding 
the training-needs of the unemployed. Retraining was rarely found to be necessary, 
although additional training was indicated for about half the cases. Most of those 
who took the training prescribed by the clinic benefited from it but few of those 
who took training not prescribed showed any gain occupationally. Particular doubt 
was cast on the value of commercial correspondence courses. It was found that only 
6% of the sampling studied ever completed their correspondence courses—possibly 
because no attempt had been made to fit these courses to the needs of the applicant. 
On the other hand, the success of the special training courses designed for the needs 
of the students and conducted by the Employment Stabilization Research Institute 
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gave strong evidence of the value of individual diagnosis in advanced training. Anal- 
ysis of the effects of higher education offered further support to the view that the 
training must be suited to the individual and led the authors to conclude that “college 
training alone does not increase earnings materially when the influence of such factors 
as intellectual capacity and occupation engaged in are allowed for.” 

Not the least important contribution of the volume is its evaluation of the tests 
employed. The clerical test used was found to be definitely effective in distinguishing 
clerical from non-clerical workers. The personality test employed yielded results 
that were far from encouraging, but a more favorable case could be made out for 
three of the four interest inventories that were used. It was found possible to formu- 
late ‘occupational patterns’ for six large vocational categories of employed workers, 
basing these categories on the results of the tests. 

The contribution of the volume may best be summarized in the words of the 
authors. “It was a codperative study, in which the skills and viewpoints of the 
economist, the industrial engineer, the social worker, the medical practitioner, and 
the psychologist were brought to bear upon the conditions and consequences of 
unemployment. .. . And out of it all has come no single recipe, no cure-all, for the 
ills of the depression. . . . The workers in the Research Institute have proceeded 
. .. on one, and only one, principle—which is that the facts of the problem must be 
found before they can be discussed in an intelligent fashion.” For the careful mar- 
shalling of a generous array of these facts psychologists owe a heavy debt to the 
authors of this volume. 

Cornell University ; JoHN G. JENKINS 


Die psychische Impotenz des Mannes. By EDMUND BERGLER. Bern, Hans Huber, 
1937. Pp. 147. 

The author, who is assistant at the psychoanalytic ambulatorium of Vienna, 
enumerates six possible phases of disturbed virile potency; insufficient erection, 
ejaculatio ante portas, ejaculatio praecox, ejaculatio retardata, total failure of ejacu- 
lation, and lack of a feeling of orgasm in spite of otherwise normal sex functioning. 
Each of these disturbances might have its organic-physiological ‘cause. In that case 
it is of no interest to the author in this book. Any and all of the six interest the 
author only from the point of view of psychological causation. The causes then are 
essentially of three kinds, that is, with phallic or anal or oral psychical mechanisms. 
Accordingy his book is divided into three parts. 

The author seems to mean by “phallic” mechanisms all those ways of pathological 
thinking in which the male patient regards the application of his erective organ to 
the sex organ of a woman as something wrong or forbidden or indecent or brutal 
or dangerous, or inadmissable for analogous reasons which are no reasons. He tre- 
gards these cases as curable with comparative ease, through an educative process 
lasting usually much less than six months. 

Anal mechanism is the term which the author applies to any of those pathological 
thoughts which compare the function of the male sex organ with the functioning 
of the anus, therefore, regard the sexual secrete as analogous to the faeces or the 
urine, and thus see in the functioning of the male sex organ something ‘‘dirty.” How- 
ever, why hypochondric and masochistic mechanisms should be placed in this rubric, 


g 
val 
ay 
a 
i 
“ay 
a 
| 
4 
id 


688 BOOK REVIEWS 


the reviewer has not succeeded in learning from the author, probably because of the 
reviewer's irremediable imaginative deficiency. 

The third group are those disturbances which the author explains by “oral 
mechanisms.” They fill more than a half of the pages of the book. Here the vulva is 
regarded by the patient as an analogon to the infant’s mouth (therefore “oral” 
mechanisms) and the penis as an analogon to the mother’s nipple. This so-called 
oral eroticism is shown to have innumerable varieties, among which, for example, 
one of the more prominent ideas is the one that impotence is a way of taking 
revenge “on woman” in general for the fact that in infancy the individual was 
weaned. “I don’t need your nipple,” says the avenger spitefully, “for I have one 

The reviewer feels inclined to add the following remarks. The unfortunate fact 
that innumerable members of the species homo indulge on frequent occasions in 
paralogisms and paranoic forms of thinking is of course known. The superstitions 
of mankind are numerous, too numerous, and not only with respect to sex. Let us 
just look, for example, through a book on the comparative history of religions. The 
psychoanalysts have taken such paranoic, fantastic, forms of thinking more seriously 
than those psychologists who are not psychoanalysts, as if they were laws of nature. 
The “cases” reported by the author, well presented by him, will be highly interesting 
to any psychologist who is interested in degrees of paranoia. The author himself 
says of one of his major cases that he hesitated a long time between diagnosing it 
as a compulsion neurosis or as paranoia. The author, although introducing himself 
as a psychoanalyst, yet seems to be less inclined toward fanciful symbolism than 
most psychoanalysts. The book contains much factual material, far more than sym- 


bolic interpretations. The latter are only hinted at. The author is also to be com- 

mended on confessing the rareness of a cure. It is a book well worth reading even 

for those psychologists who do not care for psychoanalytic symbols and fancies. 
Coral Gables, Florida Max F. MEYER 


The Neur-Electro-Magnetic Theory of Nerve Reactions—Including Thinking. 
By T. A. BENpRAT. Beckley, W.Va., the Author, 1937. Pp. 122, xxxiv (appendix). 

The book is reminiscent of those speculative biologies and cosmologies of a 
popular and irresponsible sort which reverberated through the later decades of the 
last century. Beyond a few old facts and unsupported theories, sadly distorted and 
badly organized, the reviewer finds nothing which would fall within a sound psy- 
chology or a tenable neurology. The planographed booklet should do no harm to 
those who know their subjects; but its medley of technical terms, well-known names 
in science (many of them mispelled), and high-sounding proposals may well muddle 
and mislead the eager layman or the junior student. This danger is by no means 
mitigated by quotations (on an insert) from men who are thanked by the author 
for “unselfish, painstaking, and thorough” reading of his book in manuscript. Two 
of the commendatory statements run as follows. “I am in general sympathy with the 
_ line of theory which you propose with regard to neural and mental activity.” “I be- 
lieve that physiologists at the present time are inclined to some theory of this sort” 
(Dr. R. S. Woodworth, Columbia University), and “In general terms the theory 
seems intriguing” (Dr. C. Judson Herrick, University of Chicago). 

It is safe to assume that Dr. Bendrat’s ‘painstaking,’ albeit kindly, critics did not 
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overlook such important sections of the work as the brain-history and the hundred- 
and-one complexes of “the plain country girl which is born on a farm, reared on a 
farm, is married on a farm and grows old on a farm. . . . A perhaps useful and 
noble life” (86-99), or the writer’s neat “neur-electro-magnetic explanation” of 
what true love really is, i.e. “the force which draws two oppositely (++ and. —) 
charged individuals . . . irresistably toward each other” (96, app. xxi). Some readers 
might be impressed by the “conclusive proof” that the performances of the criminally 
insane are “neur-electro-magnetic disorders capable of being treated in a neur-electro- 
magnetic manner by neur-electro-magnetic influences . . . by energy radiations of a 
certain vibration-frequency which in turn may express itself in the form of different 
kinds of rays, among which famous X rays, the ultra-violet rays, and perhaps also 
the cosmic rays of the late Milliken (sic) rank foremost” (112), while the inter- 
communicating thought-waves of Albert and Evelyn (44) are well designed to 
engender a sympathetic tingle in all romantics. 

The initiated wi!l not be blind to the charm of Professor Bendrat’s treatise on 
psychology and neurology when regarded as a caricature of much serious writing, 
historical and current, upon both of these subjects. 

M. B. 


A Manual of Psychological Experiments. By E. G. Borinc, H. S. LANGFELD, 
H. P. WELp, and Collaborators, New York, John Wiley & Sons, 1937.;Pp. ix, 198. 

A survey of manuals would seem to indicate that the teaching of laboratory 
psychology has been changing rapidly during the past ten years. For the most part 
the older texts are no longer used or they have been radically revised to meet the 
changed needs and methods of teaching which frequently involves the handling of 
large numbers of students. A number of new manuals have been printed. These have 
nearly all been of the work-book type which has been found to facilitate the work 
of both the student and the instructor. The typical contemporary manual is written 
either to meet the specific needs of a single psychological department or to accom- 
pany some one text in general psychology. Most of the manuals, therefore, emphasize 
a particular point of view. 

This manual is of the work-book type. Although written for general use, its 
pattern of emphasis is similar to that of the general textbook written by the same 
authors and their collaborators. Of the 62 (59 plus 3 alternates) experiments pre- 
sented, 2 are on the response mechanism, 2 on measurement (use of statistics), 28 
on sensation and perception, 8 on learning and memory, 3 on imagery, 6 on affection 
and emotion, 5 on action, 3 on thought and 5 on personality measurement. Each 
unit is planned to take about one hour. The experiments, many of them new, are 
well chosen and clearly and concisely presented. There are ample outlines for record- 
ing data and each experiment is followed by a series of questions to guide the 
students’ discussion of the data. Relatively simple apparatus, much of which can be 
home made, is prescribed. 

No laboratory manual can please all instructors. On the basis of experience in 
laboratory teaching the reviewer offers the following criticisms of this manual: 
(1) Some instructors will consider that there is too heavy an emphasis upon sensa- 
tion, perception, and action. They would prefer that the experiments be more repre- 
sentative of contemporary psychological interests. (2) Statistics introduced into the 
elementary course should involve the simplest computations and concepts that will 
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adequately present the principle at hand. Derivation of the mean from an arbitrary 
origin, computation of the standard deviation and of the product-moment correlation 
coefficient are complex for the majority of sophomores. The same principles can be 
taught by the much simpler devices: Mean = 2M/N, the AD, and the rank-difference 
method of correlation. It is suggested later in the book that the rank difference 
correlation be used in specific experiments (pp. 142 and 183). (3) It is disturbing to 
find in several experiments a tendency mot to base the discussion questions upon the 
data collected. (4) There is an inconsistency in the use of the Ishihara test to 
measure color blindness and the textbook reference to color blindness. It is well 
known that the Ishihara test reveals about 8% of partially color-blind white males. 
~Fhe-textbook reference cites 3%. (5) The typographical arrangement of the manual 
is excellent. 

The authors have produced one of the best laboratory manuals now available. It 
is bound to find wide use, especially by those instructors whose pattern of emphasis 
is similar to that in the authors’ textbook. The manual is general enough, further- 
more, for others to find it very useful. The wide variety of experiments permits 
selection to suit the individual instructor and local laboratory facilities. 

University of Minnesota Mites A. TINKER 


Casebook of Research in Educational Psychology. By SiwNEY L. PressEy and J. 
ELuiotr JANNEY. New York, Harper & Brothers, 1937. Pp. xvii, 432. 

Pressey has a penchant for traveling unbeaten paths and this work is illustrative 
of his originality. Not that a casebook is an original venture, but the selections are 
such that only the most widely-read person will have met half of them before. The 
section on “Health: A Neglected Factor in Psychology,” which opens the work, 
gives the keynote to the whole. The topics may be trite—intelligence, types of learn- 
ing, transfer, and fatigue—but the illustrative cases are not. One almost gets a 
shock when one meets such old and tried friends as Bryan and Harter. 

The authors have made a gallant attempt to deal mainly with the practical situa- 
tions of the classroom. This is both a strength and a weakness: a strength in that 
one feels that the book has meaning for the teacher; a weakness in that the problems 
dealt with are fundamentally so difficult that the methods adopted for solving them 
are usually inadequate. Any competent person could shoot most of the reported 
studies full of holes. This brings us to the questions. Should we place before im- 
mature students researches whose methodology is faulty? Are such students able to 
pick out the weaknesses in the techniques and separate the wheat from the chaff? 

For many years I have had a Casebook of Research in mind, but have never had 
the leisure to complete it. My plan was to single out illustrative cases in methodology 
and show how these had been applied by ingenious workers. Take, for example, 
growth whetever studied. The essential feature is measurement of the same subjects 
at equally spaced time intervals. Since it is of universal application it can be applied 
to height, weight, intelligence, or skills. The equivalent groups and rotation tech- 
niques of McCall have similarly very wide applications. If about a score of such 
techniques were studied, the student would have at his command a valuable back- 
ground when he, himself, began to experiment. If one thing stands firm in all forms 
of scientific experimentation it is the necessity of isolating a single variable. The 
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Casebook under review has far too many examples of several conflicting variables 
which bedevil the conclusions that are drawn from the experimental data. 

Let it be frank said, however, that Pressey and Janney have produced a most 
interesting and valuable book. The reader feels that educational psychology has 
really something to do with education, and that it exists to help even the humblest 
of teachers in his important work in life. A stimulating book of this kind should be 
in the hands of every student who is training to become a teacher. The researcher 
in the laboratory and the schoolroom can gain many helpful suggestions from it. It 
can be heartily recommended. 

University of Toronto PETER SANDIFORD 


Studies in Sibling Rivalry. By Davip M. Levy. Foreword by Lawson G. Lowrey. 
American Orthopsychiatric Association, 1937. Pp. 96. 


This monograph comprises two related studies: (1) use of play technique as 
experimental procedure; and a much longer one, (2) hostility patterns in sibling 
rivalry experiments. They were read at meetings of the Association in 1933 and 
1936. The studies were made at the Institute for Child Guidance and are cast more 
or less in the psychoanalytic mold. The earlier investigation used the play form of 
behavior in connection with an amputation doll representing the mother and a 
celluloid baby doll and a larger doll for the older sister or brother. In this way 
imaginary conflicts releasing expressions of hostility were set up. A classification of the 
different patterns of behavior together with case studies in various family relation- 
ships are given. It is plain that hostility toward the baby by the next older child is 
more likely to be manifested overtly, the closer the relationship of the child is to the 
mother. The second investigation eliminated the amputation doll, but used the 
mother, baby, and brother or sister doll. Accurate records were kept of the verbal 
statements of the siblings. Twelve three and four year old children were used. The 
behavior patterns were again classified according to six categories: (1) prevention 
of hostility to object in set-up, (2) direction, (3) forms, (4) self-punishment and 
accusation (retribution), (5) restitution, and (6) self-defense. Manifestation of 
hostilities ranged from slight movements to primitive crushing, tearing and biting. 

Apparently the play technique serves well to give a progfgssive picture of various 
patterns of rivalry which actually occur in typical families. The reviewer believes 
that this technique could profitably be used at more advanced age levels. He is not 
sure, however, that the technique meets the requirements of carefully controlled 
experimentation. Since recordings of verbal responses by the experimenter and pat- 
terns of behavior may include a subjective factor, improvement would lie in the 
direction of microphonic recordings and motion picture photography. 

University of Iowa CHRISTIAN A. RUCKMICK 


L'Uomo. By ALESSANDRO GATTI. Turin, Unione Tipografico-Editrice Torinese, 
1934. Pp. vi, 674. 

This handsome volume by Professor Gatti, psychologist at the University of Turin, 
has just now (July, 1937) come to this JouRNAL for review. The three major sec- 
tions of the volume are devoted in order to bodily structure and operation, psycho- 
logical performance and product, and human history. Practically every phase of 
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man’s life has been copiously and beautifully illustrated, chiefly by the author’s 
recourse to artistic products (most of them Italian) through the centuries. Painting, 
sculpture, delineation, and design have been freely drawn upon to supply well over 
three hundred illustrations. The story of man’s attempt to know himself is made an 
important part of the narrative. The writing is fluent, picturesque, and filled with 
classical allusion and lore. Within the bodily section are included vivid chapters on 
the senses and the nervous system. The second part, ‘The Mental World,” is less a 
psychological description than a series of topics which depict a great number of 
popular subjects bearing some relation to the modern psychology of Europe. Interests 
and modes of exposition peculiar to Italy (“Italia rinnovata dal Duce’’) are naturally 
conspicuous. Instead of looking for new materials, the psychological reader will be 
satisfied to note the way in which the assorted materials are brought under such 
venerable headings as mind and body, the world of feeling, and the world of will. 
The work is likely to be the envy of those who have at one time or another been 
ambitious to write for a general audience a serious account of man, his origin, his 
development, his activities, and his works. It is regrettable that most American 
youth and American laymen will find the work inaccessible because of the unfamiliar 
tongue. The more anthropological section is rich in illustration of the artifacts and 


arts of pre-history. 
M. B. 


Der Typusbegriff im Lichte der neuen Logik. By Cart G. HEMPEL and P. 
OPPENHEIM. Leiden, A. W. Sijthoff’s Uitgeversmij, 1936. Pp. viii, 130. 

This book of two well-known German logicians is, on the one hand, a very 
important contribution to the clarification of terminology and the possibility of its 
use for fundamental notions of modern psychology. On the other hand, the book 
emphasizes the much-neglected importance of psychology’s contribution to the general 
theory of science. From the viewpoint of the modern logistic, the book points out 
that the notion of type and its use in the psychological typology which has developed 
to such an important position in science during the past few decades, is not only a 
completely new fact for the theory of science, but forces logic and logistic to a 
corrective adaptation. 

Up until now all scientific notions have been of a classificative character. The 
type, however, is not a “class” in the order of science and scientific notions, but 
needs an elastic, graduated treatment to adjust its topological (unmetrical) quality. 
Among the interesting reflections directly concerning the practice of psychological 
typology we might mention but one here: in reality even so-called empirical average- 
types are constructive conceptions, and therefore there is no logical difference between 
ideal-types and empirical types. 

Baltimore, Maryland Ernst HARMS 


Educational Psychology. By THOMAS R. GARTH. New York, Prentice-Hall, 1937. 
Pp. xvi, 319. 

The writers of texts in Educational Psychology fall into one or more of three 
categories; namely, (1) those who write connected accounts of the science but 
present little of the factual evidence on which the statements are based; (2). those 
who present large amounts of data and leave the conclusions to be drawn by the 
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teacher and students; (3) those who present adequate data and state the conclusions, 
which, in the opinion of the writers, can be legitimately drawn from them. Elemen- 
tary texts generally fall into the first class and the text under consideration is no 
exception, Yet the situation is unfortunate, for without skillful leadership in class, 
it leads to memorization of opinions and conclusions which have no adequate back- 
ing by factual data. 

Garth’s book deals with so many topics that none can possible receive adequate 
treatment in the space allotted to them. The treatment is summary, though an ex- 
cellent one within the limits the writer set for himself. The questions and tests at 
the end of each chapter suffer the same weakness. The objective items, in general, 
are below the standards set by the best current practice. For example: Mendel was 
(a) a psychologist, (b) a monk, (c) a physicist, and (d) a mathematician. Pre- 
sumably the answer expected is (b). But he taught physics for several years and his 
theory of inheritance is mathematical. Both his physics and mathematics were of 
more importance to the world than the fact that he became Abbot of Briinn. 

The compendious style leads one to suspect, probably without sufficient warrant, 
that secondary sources have been too freely used. Some of the descriptions of experi- 
ments are so brief (e.g. Johnson’s Physical Skill-Tests, p. 287) that it is impossible 
to gather meaning from them. Dickson’s name is spelled Dixon throughout the book 
and there are other minor slips. Yet in the hands of a competent teacher the text can 
be made profitable. It is clearly printed and well bound. 

University of Toronto PETER SANDIFORD 


The Mentally Ill in America. By ALBERT DEutTscH. New York, Doubleday Doran 


& Co., 1937. Pp. xxvii, 530. 

Sponsored by the American Foundation for Mental Hygiene and aided by the 
advice of specialists in various fields this volume presents a vivid picture of the 
care and treatment of mental disorder since Colonial times. Beginning with the 
concept of mental disorder as a demon possession with its accompanying treatments 
of neglect, persecution or execution, social progress in this field has been extremely 
slow. Treatment up until recent times has frequently consisted of incarceration in 
jails, poorhouses or asylums, often with mechanical restraint and with little attempt 
at therapy. Such practice has not completely disappeared even today. Chapters on the 
subsequent development of modern psychiatric treatment under state care or super- 
vision outline the best current practices, but indicate also the many difficult problems 
yet to be overcome. 

Psychologists, psychiatrists, sociologists and lawyers should all find the book 
useful as background material for teaching and in suggestions for further progress. 
The general reader will find it relatively non-technical and of absorbing interest on a 
major problem of public welfare. This volume might well be the means of promoting 
a wave of enlightened public interest on a problem which has hitherto received in- 
adequate treatment. 

Northwestern University ROBERT H. SEASHORE 
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76-81, 654-661; advancing and retreat- 
ing colors, 126-130; after-image, 83 f., 
265-276; Bezold-Briicke phenomenon, 
313-315; contours, 313-315; conver- 
gence, 515 ff.; dominance, 293-297, 
450-461, 670; esthetics, 339 f.; eye- 
movements in looking at pictures, 
211; flight of colors, 265-276; hyp- 
notic blindness, 436; isochromatic con- 
tours, 130-134, 313-315; latency of, 
661-665; laws of, 498; modifications 
under hypnosis, 83 f., 435; monocular 
perception of distance, 515-542; move- 
ment and, 121-126, 543-563; scenery 
and, 161 f. 

Vocation, conflict in youth, 505 f.; tran- 
sients, 507; unemployed, 686 f. 


Warmth, theory 63-65; time, 58-66. 

Whole vs. part methods, 579-610. 

Will, 165; therapy, 156-158. 

Women, unemployment, 686 f. 

Words, avoidance of unpleasant, 313 f.; 
recall of P and U, 581-596. 

Writing, automatic, 694. 


Youth, conflict, 505 f.; gratitude of, 
339; wayward, 338. 
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